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PREFACE. 


The aim of the writer, in this Essay, is to present 
a fair bird’s-eye view of the subject of the anta- 
gonism of toxic agents, so far as this is possible at 
the present time. First, the experimental part of 
the subject is given ; and then the practical bearing 
of these experimental researches. There is no un- 
necessary writing, as the subject is given as briefly 
as it will permit. Experiments which led to nothing 
are omitted, and those which gave positive results 
are not given at full length, but just the jnain 
results attained ; and an illustrative experiment 
or two are alone related in detail. The practical 
bearings of the different experiments have been kept 
prominently in view throughout. 

23, Somerset Street, 

Fortman Square, W. 
lune ut^ 1878 . 
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THE ANTAGONISM 


OF THERAPEUTIC AGENTS: 

AND WHAT IT TEACHES. 

CHAPTER I. 

EXPERIMENTAL INQUIRY. 

This highly interesting subject has only very recently 
come prominently before the medical profession. The 
youngest born of the therapeutic family, it already, how- 
ever, promises to be one of the most active and vigorous 
of the various groups. Only a very few years ago all tha^ we 
knew almost was confined to chemical antidotes. Alkalies 
would neutralise acids in the stomach ; tannin would form 
an insoluble compound with tartar emetic, albumen with 
corrosive sublimate ; sulphuric acid would form an inert « 
compound with lead; and the hydrated sesquioxide of 
iron would precipitate arsenious acid — provided of course 
that it was at hand in sufficient quantity. But these 
actions were confined to the poison still remaining in the 
alimentaiy canal ; and nothing could be done as to that 
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which was absorbed, but to wait and see whether the 
organism could eliminate it successfully, or perish in a 
vain attempt. Perhaps thi^ statement needs some qualifi- 
cation as regards sulphuric acid and lead compounds, but 
broadly it is quite true. Chemical* antidotes formed the 
frontier to which medical knowledge had advanced up to a 
very recent date — except some vague knowledge as to 
the antagonism existing betwixt opium and belladonna. 

, The first dawnings of what promises to be the most 
potent and wK^hal most precise subject connected with 
therapeu^tics, commencing, as have many other important 
measures, outside the profession — the first use of one 
drug to modify and counteract another — was that of 
the use of opiates to relieve the symptoms produced by 
an overdose of belladonna. It appears that belladonna 
used to be given to relieve thirst by Italian pedlars in the 
sixteenth century (1570), and occasionally an overdose 
was given, and then opiates were resorted to in order to 
modify the effects. Such was the beginning of any know- 
ledge of the antagonism of remedies, a matter now being 
systematically studied with the greatest attention. 

The first definite attempt to utilise this antagonism of 
opium and belladonna occurred in 1661, when Horstius 
gave opium to relieve the consequences of a large dose 
of belladonna. From that time forward one drug has 
been used to overcome the effects of an overdose of 
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the Other. Hyoscyamus and stramonium, as well as 
belladonna, were given in opium-poisoning with indecisive 
results. Professor Frazer, F.k.S., thinks the experiments 
of llois, Camus, Onsum, and Brown -Setjuard insufti- 
cient to show that the lethal effects of opium can be 
warded off by these agents, but liolds . that tliey do 
demonstrate that there are contrary or antagonistic 
actions of these agents which may be utilised. We shall 
see further on, that one of these contrary or antagonistic* 
actions, namely, the effect upon the skin^^ay be utilised 
in practice with the happiest effects. • 

I'his form of experimentation as to the antagonistic effect 
of various drugs has been chiefly conducted in England, 
though arising first ^ abroad. * One of the first investiga- 
tions was that of Professor Preyer, of Jena, who published 
in 1870 the results of experimentation as to the antagonism 
of atropia and prussic acid. He showed that the lethal 
action of prussic acid was due to embarrassment of the 
lungs and heart by its action on the terminal branches of 
the vagi in these organs, and thought that the action of 
belladonna ivas antagonistic jflid opposed to tjiis ; but the 
experiments were not carried out completely, and were 
not corroborated by a series of experiments on the same 
subject instituted by Bartliolow of Cincinnati. The action 
of another agent, muscarine, upon the action of atropia 
was studied experimentally by Schmiedeberg and Koppe, 
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who published a memoir on the subject in 1869. A more 
or less general antagonism was found* 

The effects of belladonna upon the pupil of the eye 
are so pronounced that they offer a distinct temptation 
to observers to experiment as to the other actions of 
drugs which contract the pupil, when given along with it. 
Thus we have a large and valuable series of observations 
as to the antagonism which exists betwixt Calabar bean 
and belladonna. These drugs have an opposite effect upon 
the iris, and exj[!(priments have led to the discovery that 
they have an antagonistic action in other directions quite 
as marked. In 1864 Klein wach ter employed the Calabar 
bean in a case of poisoning by belladonna with distinct 
relief of the symptoms. Subsequently Bourneville, while 
trying the effect of physostigma upon tetapus, gave a 
large and, to the best of his knowledge, a lethal dose of 
Calabar bean to an animal, and then afterwards, when the 
symptoms of poisoning were marked, a small quantity of 
atropine subcutaneously, with the effect that the animal 
recovered perfectly. Dr. Bartholow made a few not very 
^ conclusive experiments as to the antagonism of these two 
agents in 1870; but it is to the experiments of Profe^or 
Frazer that we have to look for the most complete account 
of this . antagonism. The following ^otes are taken from 
his famous monograph on the antagonism between the 
actions of physostigma and atropia. First the minimm 
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fatal dose of atropia had to be found, and it was ascertained 
that it was nearly 22 grains for a rabbit weighing 31b. 
Then the minimum fatal dose of extract of Calabar bean 
was ascertained ; and it was found to be 0*4 of a grain 
per pound, or 1-2 grains for a 31b. rabbit. Of sulphate of 
physostigma the dose was one-tenth of this, or 0*04 
of a grain for every pound. 

The first experiments were made with atropia adminis- 
tered before physostigma. To a rabbit weighing 2 lb; 
15J0Z., three-tenths of a grain of sij$hate of atropia 
was administered subcutaneously, and after an interval of 
five minutes one dfid a fifth (ij) grains of extract of 
physostigma. ^The rabbit recovered perfectly, though 

symptoms of poisoning were actively manifested. Ten 

« 

days afterwards, the rabbit being perfectly well and having 
in the interval gained in weight, one and a fifth (i |) grains 
of extract of physostigma were injected without any atropia. 
The animal began to manifest symptoms of poisoning in 
six minutes, and in twenty-two minutes from the time of 
the injection was dead. 

In another instance, to 9 rabbit weighing 3 lb. 4 oz.^ 
the seventeen-hundredth (xtVif) ^ grain of sulphate of 
atropia was administered subcutaneously, and five minutes 
afterwards 3 grains and ^ths of a grain (3^ 
extract of physostigma were injected. The animal was 
very ill. In forty minutes the respirations had fallen to 
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13 times in 10 seconds. After the lapse of two hours an 
improvement set in, but it was not till six hours and a 
half had elapsed from the* injection of the physostigma 
that the paralytic symptoms passed away. It recovered 
completely. Eight days afterwards, the rabbit having 
gained an ounce in weight, one grain and three-tenths 
(ijjj) — one-third of the first dose — were administered, 
and in thirty-one minutes the animal was dead. 

' In a third case, to a rabbit weighing 3 lb., half a grain 
of sulphate of a^opia was injected, and in five minutes 
six-twenty-fifths of a grain of ^^"J^lphate of 

physostigma were injected (equal to of a grain of 

extract). The animal was very ill, but recovered, and 
next day was active and well* Nine days afterwards, the 
anin&l being well, and having gained half-an-ounce in 
weight, the same quantity of sulphate of physostigma 
was f;iven alone. In eight minutes the respirations consisted 
of mere gasps; and in nine minutes and fifty seconds 
the animal was dead. 

Then the atropia and physostigma were administered 
together simultaneously, ^rabbit weighing 31b. 120Z. 
had half (^) a grain of sulphate of atropia and three (3) 
grains of extract of physostigma injected simultaneously. 
This rabbit became very ill, the symptoms of Calabar 
bean poisoning became very marked, but next day it was 
about and well. On the tenth day after the experiment 
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I a* grains of pliysostigma (half the fir^t dose) were in- 
iected ; the animal died fifty-four minutes after. 

To a fourth rabbit weighiH^ 2|lb. half (J) a grain of 
sulphate of atropia and one (i) grain of extract of physo- 
stigma were simultaneously administered subcutaneously; 
severe symptoms followed, but perfect recovery took place. 
Thirteen days afterwards one (i) grain of extract of 
jihysostigma was given alone, and death resulted in 
eighteen minutes. 

Then some experiments were made with'^the physostigma 
administered before the atropia. 

To a rabbit weighing 31b. 2 oz. two and a half {2\) 
grains of extract of physostigma were administered, and 
five minutes afterwards half (J) a grain of sulphate of 
atropia. Thpugh severely ill, it perfectly recovered. Blevcn 
days afterwards the same quantity of the Calabar bean 
extract was injected, and in eleven minutes and 9. half 
the animal died. 

To another rabbit, weighing 3 lb. iijoz. two (2) grains 
of physostigma extract were injected, and eight and a 
half minutes after half (-J) .m grain of sulphate of atropidi 
Paralytic symptoms followed, but in one hour and forty 
minutes every symptom almost had disappeared. Four 
days afterwards one grain and a half (i^) of the extract 
of physostigma was injected alone, and in fifteen and a 
half minutes the rabbit was dead. 
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Into a rabbit weighing 2 lb. and 14 oz. one and a half 
(ij) grains of extract of physostigma were injected, and 
ten minutes and thirty seconds afterwards, when the 
animal was flaccid and paralysed, one and a half (ij) 
grains of sulphate of atropia were administered. Eight 
minutes after this the animal succeeded in rising, sat in 
a natural position, and quite recovered. Twelve days 
afterwards the physostigma was given alone, and the 
animal was dead in thirty minutes. 

Similar experihients to the above furnished like results. 
After giviqg details of some further experiments Professor 
Frazer says : — “ In these various experisnents the influence 
exerted by atropia upon the action of physostigma -is 
shown to be a most remarkable and conspicuous one, for 
it eflestually counteracts the lethal activity of certai^ doses 
of physostigma, whether it be given within a certain time 
beforj, simultaneously with, or within a certain time after, 
that substance.” 

Some experiments were then made upon dogs in order 
to test the above results. An experiment was made by 

injecting three-fifths (f) of a grain of sulphate of physo- 

» 

stigma into a dog weighing 10 lb. 30Z., and five minutes 
afterwards (when the animal was already ill) three-tenths 
(A) ^ sulphate of atropia. In an hour and 

fifty-five minutes the dog had perfectly recovered, having 
been very jlL Nineteen days afterwards half the quantity 
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of physostigma, three-tenths (/(y) of a grain, was given 
alone, and in twenty minutes the dog was dead. 

Then two (2) grains of txtract of physostigma were 
injected into the facial vein of a rabbit weighing 4 lbs. 
Five minutes afterwards a thirtieth (3^) of a grain of sulphate 
of atropia was injected into the same vein. I'he animal 
became very ill, and it was not till three hours and ten 
minutes that it recovered itself completely. Seven days 
afterwards one grain and seven-tenths sulphate 

of physostigma were given alone. In twenty-three minutes 
the rabbit was dead. Corroborative ^experiments were 
performed with like*results. 

Experiments* were then performed to find out how much 
more than the minimum lethal dose of Calabar bean could 
be si^^essfully antagonised by atropine. It was /ound 
that three and a half (3^) times the dose could be suc- 
cessfully met by atropine; but not four (4) times thte 
minimum lethal dose. Professor Frazer, too, ascertained, 
what has been also found by other experimenters, that ^ 
death could be produced by the combined administration 
of non-lethal doses of eadi agent. Thus half the mini- 
mum lethal dose of physostigma (*06 of a grain) with 
nearly half the lethal dose of atropine (10 grs.) (lethal dose 
22 grains for a 31b. rabbit) given together produce a 
fatal result. Some further experiments were conducted 
as to the length of time which might be permitted to elapse 
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betwixt the administration of varying doses of the two 
agents, which, though of high interest, can scarcely be 
quoted here. • 

The whole series of these exact and careful experiments 
shows how potent atropine is in counteracting the lethal 
effects of physostigma. Though no particular direct 
advantage as yet has been found to accrue from these 
experiments they have been productive of useful practical 
results, by illustrating the action of Calabar bean, which 
results will be given in an after section of this essay — the 
practical section,. * 

The next experiments to be referred ^o are those of the 
Edinburgh Committee of the British Medic&l Association, 
conducted by the late Professor J. Hughes Bennett. He 
first ^ascertained the minimum fatal dose of strychnia in 
the rabbit, and found it was one ninety-sixth (^V) ^ 

grain ^for a 3Jb, rabbit, or one two-hundred-and-eighty- 
eighth of a grain per pound. The minimum lethal 

^dose of chloral hydrate he ascertained to be seven (7) 
grains to the pound, or twenty-one (21) grains for a 31b. 
rgbbit Experiments were l|ien made with varying 
quantities of tliese substances given together with striking 
results. As it is impossible to give the results of every 
single experiment, a selection must be made which will 
show, as fairly as is possible by such selection, the 
results obtained. 
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To a rabbit weighing 2 lb. 13 oz. fourteen (14) grains 
of chloral hydrate were given along with one -seventieth 
(tV) of a grain of strychnia : the animal recovered. Seven 
days^ afterwards the same dose of strychnia alone proved 
fatal in eighteen minutes. 

To a rabbit weighing 31b. 30Z. eight (8) grains of 
chloral and one-eightieth of a grain of strychnia were 
given simultaneously. It recovered, and in seven days 
died of the same amount of strychnia given alone ii\, 
twenty (20) minutes. 

To a third rabbit weighing 2 lb. 120Z. eiglUeen (18) 
grains of chloral h3^rate and one-fortieth (j\j) of a grain 
of strychnia were given together, and the animal recovered. 
Seven days afterwards the same dose of strychnia proved 
fatal in twelve (12) minutes. 

The antagonism of the two agents is well displayed by 
these ^penments. Even when the animal was in a 
sound sleep any irritation produced severe twitchings, 
showing that the reflex excitability of the cord was 
increased by the strychnia in spite of the chloral sleep. 

Then it was determined# to ascertain the potency ol 
hydrate of chloral over strychnia-poisoning when given at 
va^ing intervals after. To rabbits weighing 3 lb., or within 
an 'ounce of that weight, sixteen (16) grains of chloral 
we:re administered, and some minutes after, one-ninety-sixth 
(^) of a grain of stiychnia. Up to eight (8) minutes 
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after the chloral was effective ; but if ten (lo) or more 
minutes had elapsed, the chloral was powerless to avert 
death. Thus, when the chloral was given ten minutes 
after the strychnia the animal survived other thirty-five 
(35) minutes; but when given twenty- two minutes after 
it only survived twenty (20) minutes. (The first survived 
forty-five (45) minutes after the administration of the 
strychnia ; the second but forty-two (42) minutes.) 

, Following out the observations of Oscar Liebreich, that 
minute doses of strychnia would rouse rabbits out of the 
coma-sleep of chToral, some experiments to test this effect 
were made. Here there is a little digiculty to encounter, 
in that sometimes the chloral killed the rSbbit and some- 
times the strychnia. Thus *10 a rabbit weighing 3]b.x 
twei^ty-four (24) grains of chloral were given, and fifteen 
minutes after one-fortieth of a grain of strychnia ; 
the animal died with spasms and opisthotonos. 

To another weighing 31b. twenty-three (23) grains of 
chloral were given, and thirteen minutes afterwards one 
one hundredth-and-tenth' (xr^r) a grain of strychnia ; 
^he animal died in profound cgma. 

But in a number of cases results identical with the 
following were arrived at: — To a rabbit weighing 31b. 
2 oz., twenty-one and a half (21 J) grains of chloral hydrate 
were given with one-hundredth (y^) of a grain of 
strychnia, fifteen (15) minutes afterwards • the animal 
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recovered, and four days afterwards died of the same 
dose of chloral alone. 

These experiments showeTi that the injection of 
strychnia after a fatal dose of chloral exercised but uncer- 
tain results; and the animals died comatose even when 
twitchings indicated the excited condition oi the spinal 
cord. 

Then rats were experimented upon. It was found that 
with them comparatively smaller doses of chloral and. 
larger doses of strychnia were required. Thus one 
and seven-eighths (i^) of a grain of chloral waj enough 
to kill a rat weigl^ng twelve (12) ounces; while one- 
sixtieth (^) of a grain of strychnia was the minimum 
lethal dose. Thus rats die from two grains of chloral 
to the lb. weight ; rabbits seven grains per pound, flats 
require one sixtieth of a grain of strychnia per 

pound ; rabbits about a three-hundredth a ^ lb. 

rabbit taking one-hundredth (xot) ^ dose. In 
order to show the antagonism in rats a case may be 
quoted where to a rat weighing ii oz. three (3) grains of 
chloral were' given with on^ forty-fourth (.V of a graii^ 
of strychnia. The animal recovered after considerable 
twitchings. Some time afterwards the animal died of 
the same dose of strychnia in eighteen minutes. But 
in this series of experiments occasionally the chlcmil 
killed, and at other times the strychnia; still broad 
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results tended to demonstrate the antagonism of these 
two agents. 

Prof Bennett showed flie antagonism of these two 
agents on several public occasions. He writes : — “ Take 
two rabbits of about 31b. weight; inject under the 
skin of both one ninety-sixth (ttV) of a grain of strychnia 
and then in one a solution of fifteen (15) grains of 
chloral; in ten minutes the one will leap into the air 
iind fall down tetanic and dead ; the other will go to 
sleep and in about two hours will wake up as if 
nothing were the matter. A more certain antidote does 
not exist.” e 

Experiments were next performed in order to ascertain 

the antagonism existing betwixt sulphate of atropia and 

« 

Calat>ar bean. This matter has been thoroughly investi- 
gated by Prof. Frazer, and need not be gone into again. It 
mayjbe well, however, just to quote what Prof. Bennett says 
as to the results generally: ''An analysis of these cases 
shows that sulphate of atropia prolongs life, and may even 
save it, after a fatal dose of Calabar bean. The antago- 
nistic influence of sulphate «.f atropia on the effects .of 
extract of Calabar bean is not nearly so well marked as 
that of chloral hydrate as an antagonist to the effects of 
strychnia.” It will be seen further on, that these con- 
clusions of Prof. Bennett’s as to the antagonism of 
hydrate of chloral and strychnia corroborate and confirm 
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the conclusions of Oscar Liebreich of Berlin, also arrived 
at by experimentation. 

To follow Prof. Bennett, the next investigation was to 
test for the effects of hydrate of chloral and Calabar bean 
given together. 

Thus, to a rabbit weighing 3 lb. 12 oz. fifteen (15) grains 
of hydrate of chloral were given, and fourteen (14) minutes 
afterwards a quarter (J) of a grain of extract of Calabar 
bean, with the result of recovery. The experiment was 
varied as to dose and time wuth soniewhat different 
results, so it was determined to try a crucial test. • 

Thus, for instance, 5 fifteen (15) grains of chloral were 
given to a rabbit weighing 31b., and fifteen minutes 
afterwards two-thirds (§) of* a grain of Calabar bean 
extract, the animal recovering. Eight days afterwards ^he 
same dose of extract of physostigma was given alone, 
and the rabbit died in seven minutes, • 

In a less perfectly successful case fifteen (15) grains of 
chloral were given to a rabbit weighing 31b. ^oz. and 
eleven (n) minutes afterwards two-thirds (-§) of a grain 
of Calabar bean extract; the%nimal died in j2o minutes 
(two hours). This shows that death was deferred even 
when life could not be saved, as without the chloral 
death would (according to the crucial tests applied to the 
survivors) have taken place in from ten to fifteen minutes. 
Prof. Bennett's conclusions are, then — ‘‘(i) That hydrate of 
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chloral modifies to a great extent the action of a fatal 
dose of extract of Calabar bean, mitigating symptoms and 
prolonging life. (2) That hydrate of chloral, in some 
cases, saves life from a fatal dose of extract of Calabar 
bean.*’ 

The opposite experiment was then tried of giving the 
Calabar bean extract before the j^hloral. Thus to a 
rabbit weighing 31b. two-thirds (|) of a grain of Calabar 
bean extract were given, and three minutes afterwards 
fifteen (15) grajns of chloral. The animal was ill for 
eight h«urs but ultimately recovered. Eight days after- 
wards the. same dose of physostigma given alone produced 
death in twelve minutes. In less successful cases death 
was delayed for a marked tim*e. These experiments showed 
that chloral is less effective when given after the’ adminis- 
tration of Calabar bean, because, says Prof. Bennett, “ the 
extract of Calabar bean produces its more severe physio- 
logical effects ten or twelve minutes after the administra- 
tion of the fatal dose. In some cases the effects occur 
even sooner. On the other hand, a rabbit is not deeply 
\inder the ^influence of Jifdrate of chloral until fifteen 
or twenty minute! after it has been given. If the effects 
of the extract of Calabar bean appear before those of 
hydrate of chloral, they usually run quickly to . a fatal 

’ t 

issue, bet^use the antagonist, hydrate of chloral, is not 
acting with sufficient vigour to restrain them.” 
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Some experiments were made to ascertain if any 
antagonism existed betwixt morphia and Calabar bean ; 
the results were entirely negati^. 

An inquiry was next instituted as to the antagonism, 
long said to exist, betwixt morphia and belladonna. The 
first step was to observe the effects of each drug given 
separately and then to note the effects of their combined 
administration. Thus ^'out of twenty-one experiments 
in which what was held to be a fatal dose of meconate 
of morphia was followed by a dose of sulphate of atropia, 
six recovered. When the crucial test was*applied^to these 
six rabbits, six day^ later, by injecting ten (10) grains 
of meconate of* morphia without sulphate of atropia, four 
died and two recovered.” 'the effect of the atropia was to 
contract the dilated blood-vessels ; as was well seen in»the 
vessels of the ear, ut the same time that the contracted 
pupil dilated. One of the most successful of these exjjjeri- 
ments went as follows. Ten grains of meconate of morphia 
were given to a rabbit weighing 31b. 9J0Z. and two and 
a half (2J) minutes afterwards a grain and a half (ij) of 
sulphate of atropia. The ^animal, recovered after art 
illness of three hours. Six days afterwards it died in 
no minutes from the same dose of meconate of morphia 
given alone. On reversing the experiment it was found 
that out pf eleven instances in which a dose of sulphate of 
atropia had been given previous to what was held to be a 
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fatal dose of meconate of morphia, seven recovered. Oi 
these seven four succumbed to the crucial test. 

One of the most successftfl experiments was this. To a 
rabbit weighing 31b. ii^oz. two (2) grains of sulphate of 
atropia were administered and seven minutes afterwards ten 
(10) grains of meconate of morphia, the animal recovered; 
but six days afterwards died of the same dose of meconate 
,of morphia given alone. 

. A series of experiments were made to test the influence 
of atropia upon large doses of the meconate of morphia, 
and in ^very case death was postponed thereby. Thus 
to a rabbit weighing 3 lb. 8| oz. two (g) grains of sulphate 
of atropia were given at an interval of two minutes after 
twelve (12) grains of morphia had been injected: death 
did •not take place for no minutes.* Much the same 
results were attained when the morphia was given after the 
sulpjiate of atropia. Where larger doses of atropia were 
used with smaller ones of morphia death occurred after 
about the same lapse of time: indeed in some cases 
death seems to have been accelerated by the proportions 
^sed. 

This antagonism of morphia and belladonna had pre- 
viously to the formation of this Edinburgh Committee been 
made the subject of experiment by Dr. John Harley in 
England and by Weir Mitchell, Keen, and Morehouse in 
America; the conclusions arrived at not being in harmony 
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with each other. Dr. Harley thought that atropia relieved 
the syncope produced by opium very perfectly ; while the 
American observers found that the different rates at which 
these agents affected the system made it difficult to 
estimate the results exactly. They found that morphia 
did not prevent or interfere with the influence of bella- 
donna upon the pulse. As regards the toxic effects on 
the cerebral organs, the two agents were mutually antidotal. 
Prof. Bennett tested this last antagonism by experiments 
on dogs. • 

One of the most successful experiments was aS follows. 
To a dog weiglyng Y4lb. two and a quarter (2}) grains of 
meconate of morphia together with two-thirds (§) of a 
grain of sulphate oi atropia were simultaneously adminis- 
tered. The coma was disturbed by delirium during the 
first two hours, but after that it went on for other four 
and a half - hours undisturbed, after which the animal 
recovered. After ten days the morphia was given alone, 
in an hour the animal was comatose, in which state it 
lingered for ten hoiks before it died. 

This experiment was repeated on a dog. weighing 
13 Jib. For the first three hours it was ‘chiefly under 
the influence of the atropia rocking its head about, with 
dilated jpupils and a fast pulse, after that it went into 
coma but ultimately recovered. Ten days afterwards the 
m^iphia was given alone ; in an hour and a quarter the 
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animal became comatose, and died ten hours afterwards. 

Thus the antagonism was demonstrated generally and 

♦ 

the effects upon the cerebrum in particular. 

Some points for consideration in the antagonism of 
morphia and atropia will require discussion in the latter 
— the practical portion of this essay ; where attempts to 
utilise this antagonism will be considered. The results 
arrived at by several inquirers will then be compared ; so 
.that the work of Prof. Bennett may be proceeded with 
without break or jpterruption at present. 

The ntfxt investigation proceeded with by the Edinburgh 
Committee was one to ascertain the Nations of morphia 
to the different vegetable principles, theine, caffeine, coco- 
aine, and guaranine : and to test for any antagonism that 
migEt become manifest during the inquiry. This branch 
of the investigation was carried on by Dr. Alexander 
Hughes Bennett, who found that the minimum lethal dose 
of meconate of morphia in cats weighing about 41b. 
120Z. was one and a quarter (ij) grains. For a cat of 
like weight six ( 6 ) grains of theine was a dose sufficient 
to cause cerfeiin death. Heathen performed some experi- 
ments with the minimum fatal dose of each drug given 
simultaneously. The majority died either of the morphia 
or the theine ; but a number recovered perfectly, demon- 
strating a distinct antagonism to exist within certain limits. 
The smallest lethal dose of caffeine he found to be about 
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six (6) grains for a cat about 51b. He then gave the 
lethal dose of meconate of morphia to cats and with it 
three or four grains of caff6ine. A certain proportion 
recovered, after prolonged stupor; and of these a number 
succumbed to the crucial test of an equal quantity of 
morphia given alone eight days afterwards. It was also 
found that guaranine modified the action of morphia 
to some extent, but not markedly. 

A series of experiments were then made to test the 
action of strychnine and Calabar bean given simul- 
taneously. We saw before that the minimum lethal dose 
of strychnine was ^ne ninety-sixth of a grain for a 
31b. rabbit. was found that whenever a one-hundred 
and-twentieth (x|^) of a grain of strychnine was given 
to a rabbit weighing 31b. 8joz. along with one-thiad (J) 


of a grain of extract of Calabar bean the animal died in 
an hour. Now the minimum dose ouHIb of Calabar 
bean given alone is 1*2 grains (FrasjH^Vevery three 
pounds, or Dr, Cook’s extract (used by Bennett) three- 
quarters (I) of a grain. Thus it was found that less than 


the minimum lethal dose% of strychnine and Calalwir 
bean given together cause death. This fact is one which 


has been found by all experimenters almost, viz., that 
less than the minimum lethal doses of two drugs, which 
modify each other’s action, given simultaneously will in 
certain cases not successfully antagonise each other but 
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will cause death. This matter will be referred to again 
in the latter section of the essay. 

Prof. MacKendrick conducted a series of experiments 
to test the antagonism of bromal hydrate (a more potent 
substance than chloral hydrate) and atropia. He found 
that for a rabbit weighing about 3 lb. 10 oz. four (4) grains 
of bromal hydrate was a lethal dose. He then tried the 
effects of the simultaneous injection of bromal hydrate 
and sulphate of atropia. Thus to a rabbit weighing 31b. 
12 oz. four (4) grains of bromal hydrate were injected 
along with one jftid a-half (ij) ^ains of the atropia. 
The result was recovery ; the same rabbit dying in twenty 
(20) minutes three days afterwards of the«same dose of 
bromal hydrate. The conver^d did not hold good, and 
the jpjection of bromal hydrate was l)owerless to avert 
death when given after a lethal dose of atropine. 

The next most important series of experiments illus- 
trating antagonism was performed by Dr. Crichton 
Browne at the West Riding Asylum, Wakefield; who was 
inspired by Prof. Bennett’s report to test the action of 
pjpotoxine, the active principl^of cocculus indicus. Coccu- 
lus indicus hid long been used by poachers to poison 
fish with, it rendering them drunk and incapable, so that 
they gather to the shore and are easily caught in hand 
nets. This property of producing drunkenness had 
attracted the attention qf dishonest brewers who used it 
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to economise malt, and to give to cheap and bad beer 
a sufficiency of intoxicating property to render it saleable. 
Having observed its. effects on rabbits and guinea-pigs, 
Dr. Browne found that it produced in toxic doses very 
pronounced symptcnns; acting chiefly upon the cerebro- 
spinal centres, and producing clonic spasms, the dorsal 
muscles of the trunk being strongly affected. Bearing in 
mind what Prof. Bennett had observed of the power of 
chloral to control the convulsions caused by strychnia- 
poisoning, Dr. Browne determined to test its efficacy upon 
picrotoxine poisoning. Having found that the •minimum 
lethal dose of picsotoxine for a rabbit weighing 3 lb. was 
one-twentieth (^) of a grain, he administered along with 
this ten (10) grains of chloiU in one case, with the result 
that though the rabbit was very ill it perfectly reco^red. 
These exp^rin^ents are very graphically described in per- 
spicuous language and are thus rendered doubly interesting. 
It appears that the chloral held the animal quiescent until 
the effects of the picrotoxine wore off. Thus without the 
chloral the rabbit would have died in betwixt eighty and 
ninety minutes with certaintj* With the chloral the aniirl® 
was very ill, but after the lapse of ninety minutes it was 
able to get up and get away to a corner. Two hours 
after the injection it was apparently quite well and 
feeding. 

Dr. Browne varied his experiments, and found that even 
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SO much as one-fourth (J) of a grain of picrotoxine could 
be survived if accompanied by a full dose (21 grains) of 
chloral hydrate ; and that even with half (^) a grain death 
did not take place for six (6) hours. No rabbit was 
ever found to survive one-sixteenth (iV) of a grain of 
picrotoxine alone, so that no crucial test was applied to 
those rabbits which survived the first experiment of the 
co-administration of picrotoxine and chloral. To those 
rabbits to which one-twentieth of a grain of picro- 
toxine was given^with chloral, the same dose was given 
a week later with the result that the rabbits died within 
ninety (90) minutes after the injection <ff the picrotoxine. 

It appears that when full ^oses of picrotoxine of 
a grain) and of chloral hydrate (15 ^grains) were given 
togefher, the animal in about twenty-five minutes was 
wrapt in a deep chloral sleep broken by clonic picrotoxine 
spasms at intervals. These clonic spasms occurred about 
every three (3) minutes, the animal being fast asleep 
during the intervals. The same phenomena were observed 
with guinea-pigs. It was found that one-thirtieth (^^) of 
^ grain of picrotoxine was sfifficient to kill with certainty 
a guinea-pig weighing a pound and a half, showing that 
guinea-pigs are not quite so susceptible to the poison as 
rabbits. When this lethal dose was combined with five 
(S) grains of chloral hydrate, the guinea-pig recovered. 
The chloral sleep was broken by twitchings and imperfect 
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convulsions. Even one-sixteenth (-p^) of a grain was 
survived by a guinea-pig weighing only i lb. 2 oz. when 
seven (7) grains of chloral hydrate were given at the 
same time. This was twice the minimum lethal dose. 
As much as one-eighth (^) of a grain was survived ten 
hours and a half by a guinea-pig weighing i lb. 7 oz. 
when eight (8) grains of chloral hydrate were simultaneously 
administered with it. 

Having clearly proved the antagonism existing betwixt 
these two agents Dr. Browne then experimented to ascer- 
tain how long the administration of the^chloral might be 
delayed and yet a fa^l result be averted. He found that 
when a twentieth (^jV) o£ a grain of picrotoxine was given 

to a guinea-pig weighing hbout i lb. 9 oz. (the mini- 
» 

mum lethal dose being one-thirtieth (^V) one-xind 
a half times the smallest fatal dose, and then seven (7) 
grains of chloral hydrate given within half an hour, ^ the 
animal survived. When the chloral was not given till 
thirty-eight (38) minutes after the picrotoxine a fatal 
result followed. 

The next point to be settled was this : “ Couid the lethsi 
action of chloral be as certainly arrested and modified 
by picrotoxine, as that of picrotoxine had been shown to 
be by choral hydrate ? ” The Edinburgh Committee had 
determined that twenty-one grains for a 31b. rabbit, or 
seven grains per lb. of body weight, was the minimum 
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lethal dose of chloral. Taking this as a basis, twenty- 
three (23) grains 6f chloral were given to a rabbit weighing 
31b. 40Z. and with it oAe-fortieth {^ q ) of a grain of 
picrotoxine, the sleep was but slightly disturbed and 
the animal recovered. Increasingly larger doses were 
given of each agent until it was found that even 40 
grains of chloral could be survived by a rabbit weighihg 
2 lb. 9 oz. when one-twenty-fifth of a grain of picro- 
toxine was also given with the chloral. The crucial test 
was used in this series of experiments, with the result that 
it was ^und tliat the rabbits recovered from doses of 
chloral up to 35 grains as surely witj^iout the picrotoxine 
as with it ; their sleep being soimd and un^sturbed instead 
of broken — that was all the difference. It became neces- 
sarf then to test the minimum lethal dose of chloral upon 
the Yorkshire rabbits, when it was found that twelve (12) 
gra^s to the pound 'weight was the lowest certainly fatal 
dose. This discrepancy was due to the fact, in all pro- 
bability, that Dr. Browne's experiments were performed 
in a room with a temperature of 56® Fahr. and the animals 

%ere laid before the fire and on cotton wool : the effects 
• • ^ 
of temperature upon chloral poisoning having been clearly 

ascertained by Dr. Lauder Brunton and others. So 

another set of experiments were made on this new basis 

of twelve (12) grains of chloral to the pound of body 

weight, when it was found that small doses of picrotoxine 
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had little or no effect upon the final result. Then larger 
doses of picrotoxine were tried, but without the desired 
result Even as much as one-fourth {{) of a grain of 
picrotoxine failed to avert death after forty (40) grains of 
chloral had been administered. 

Nevertheless the picrotoxine was not without effect. “ It 
limited the depth of the chloral narcosis, and broke in 
upon it occasionally by intervals of semi-wakefulness, in 
which there were various spontaneous movements.” It 
also prevented to a considerable extent the fall of tempera- 
ture and of the respirations occasioned bf chloral. Thus 
to one rabbit weighing 31b. and i|oz. thirty-five (35). 
grains of chloraTwere given alone, and its temperature fell 
from ioo'40 to 85*8°, and iuf cespirations per minute from 
60 to 16, when it •died. To another rabbit weigl^ng 
2 lb. 14^ oz. also thirty-five (35) grains of chloral were 
given, but with this dose was given one twenty-fifth (^) 
of a grain of picrotoxine. Its temperature fell from 100® 
to 90® and its respirations from 72 to 52, when it gradually 
recovered. This indicates a distinct antagonism in several 
directions. .. 

Some experiments with picrotoxine and chforal hydrate* 
were next made on cats, with unsatisfactory results. Some 
further experiments promised by Dr. Crichton Browne 
will probably throw some light upon the different effects 
upon cats to rabbits and guinea-pigs. Already Dr. Browne ' 
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has seen that the effects of chloral are more pronounced 
upon animals with convoluted than with smooth brains. 
Idiots take larger medicinal doses of chloral than other 
persons, whether sane or insane. The next series of 
experiments on any extensive scale was made by myself. 

I commenced by following out some primitive experi- 
ments on the frog illustrating the antagonism of aconite 
and digitalis, performed in 1870. It became neces- 
sary in the first instance to ascertain the minimum 
lethal dose of these drugs in the animals to be operated 
upon. It was fbund that aconitine as prepared by Messrs. 
Morson was a* very deadly poison,^ one three-hundredth 
Uhr) of a grain being fatal to a rabbit weighing 31b., 
while one four-hundredth sufficient for a rabbit 

weighing ijlb. The guinea-pig was even more suscep- 
tible to this agent, and one twelve-hundredth (ygVir) of a 
' gr^in was found sufficient to kill with certainty a guinea- 
pig weighing if lb. A cat weighing 31b. was killed in 
55 minutes by one-sixtieth (^o) of a grain of aconitine. 
Of digitaline it was found that about one (i) grain (S. 
vind H. Smithes) to the pc^ind weight was the minimum 
*fatal 4 ose. Digitaline and aconitine were then simul- 
taneously administered with little positive result, the action 
of the aconitine being little influenced thereby. ' When 
' however the digitalis was given some (from 5 to'^ 9) 
hours before the aconitine a distiapt protective influence 
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was exercised. Thus to a rabbit weighing 3 lb. i oz. 
one grain and three-tenths ( of digitaline were ad- 
ministered and five hours afterwards one two-hundredth 
(srair) ^ aconitine (or one-half more than the 

lethal dose), the rabbit recovered. A week afterwards 
the same dose of aconitine was given alone, death being 
the consequence in fifty jninutes. But when given at a 
less interval death was not only not averted, but 
the poison seemed positively intensified. This curious 
fact about drugs ordinarily antagonistic has been noted 
by several other experimenters. Finding* the an^gonism 
of aconite and digitalis in the rabbit thus unsatisfactory 

I turned my attention to belladonna, and tested for any 

• • 

antagonism existing betwixt it and aconitine. Thus to a 
rabbit weighing 2 lb. 6 oz. I gave three (3) grains of atropia 
and six minutes afterwards one three-hundredth- (5^) of 
a grain of aconitine : the animal survived. A week after- 
wards the same rabbit had the aconitine alone and died 
in two hours and a half. 

Then small non-fatal doses of aconitine were tried upon 
lethal doses of atropia with negative results. It was nexF 
determined to tiy the effects of small doses of atropia 
4 grains (about one-fifth of the lethal dose — 20 grains) 
upon lethal doses of aconitine previously administered. 
The results were veiy striking. Thus to a rabbit weighing 
2lh, -40Z. one three-hundredth (u^^) of a grain of 
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aconitine was given, and two minutes afterwards four (4) 
grains of atropine, the animal recovered. 

To another rabbit weigliing 2 lb. 90Z. also one three- 
hundredth of a grain of aconitine was given and 

13 minutes afterwards four (4) grains of ^tropia; the 
animal recovered. When put to the crucial test of 
the same dose of aconitine alone a week afterwards 
the animals all died. It was found however that if the 
administration of the atropia was delayed beyond 16 
minutes it was powerless to arrest the lethal action 
of the .aconitine. “ It is very interesting to see how 
the rabbits under the influence oi^ aconitine, but pro- 
tected by the previous administration of digitaline, or 
the previous or subsequent administration of atropine, will 
betome exceedingly ill, but, instead of a fetal, there follows 
a process of rapid recovery." {Brit Med, Jourtialy Aug. 

4. <877.) 

The results of this series of experiments were so 
striking and satisfactory that it was determined to try the 
effects of atropine on chloral hydrate in lethal doses, 
^’he results were not veiy encouraging. The atropia 
certainly prolonged life very considerably, but that was 
all. The influence exercised by atropia over chloral 
poisoning fell far short of that which Prof. Hughes 
Bennett had found strychnia to exercise. Indeed he found 
strychnia to antagonise the chloral successfully in the 



EXPERIMENTAL INQUIRY. 


I.] 


31 - 


majority of instances. The opposite experiment of the 
effect of non-fatal doses of chloral upon lethal doses of 
atropia gave also negative results.® 

The next experiment devised was to test the effect of 
lethal doses of strychnine upon lethal doses of aconi- 
tine. Thus to a rabbit weighing alb. 90Z. one three- 
hundredth ^ aconitine was administered 

and, after an interval, one-fiftieth ( tu ) of a grain of 
strychnia: it recovered. This dose of strychnia is twice 
the minimum fatal dose according to Prof, Bennett, The 
antagonism of strychnine and aconitine S very marked, 
so’ far as the influence^ of strychnine upon lethal doses of 
aconitine is concerned ; but whether aconitine exercises a 
favourable influence over strychnine in lethal doses there 
is yet no evidence to show — these experiments being ctit 
short abruptly at this very interesting point by the passing 
of the Vivisection Act. , 

Digitalis exercised none or but little influence over the 
failure of the respiration induced by, the aconite. The 
lesson of these experiments then is chiefly that aconite 
kills by paralysing the respimtion, while atropine and-® 

^ ^ * I 

strychnine, which act very powerfully upon the respiratory 
centres, were potent to prevent death. The effect of 
(figitaline given hours before the aconitine illustrates how 
closely the respiration is linked with the circulation, and 
how difficult it will be to ^ctually separate the action on 
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the respiration from the effects upon the circulation, in 
differentiating the action of these two powerfiil toxic agents. 

Such are the main experiments which teve been made 
for the purpose of testing the antagonism <bcisting betwixt 
certain potent remedial agents. A few f less important 
inquiries may be added. 

Prof. Sydney Ringer having observed the antagdnistic 
or rather opposite action of belladonna and jaborandi 
upon the skin and salivary glands, had a case of atropia 
poisoning brought into his wards in University College 
Hospitjil. It was a boy who had taken one (i) grain of 
atropia five (s) hours previously. Half a drachm of 
• jaborandi-leaves was given in infusion ^nd in a quarter 
of an hour his mouth had* become mu6h less dry ; and 

e I 

iff an hour he was sweating freely and his mouth was 
normally nioist. This was satisfactory, so Prof. Ringer 
followed it up by an experiment. He gave one-third (J) 
of a grain of pilocarpine, the principle of jaborandi, to 
a patient subcutaneously ; and after free salivation and 
sweating had been established, he injected subcutane- 
ously one-hundredth of a grain of atropine. In 

five minutes the skin was quite dry. A couple of cases 
of belladonna-poisoning shortly after this again enabled 
him to' test the antagonism existing betwixt these two 
agents. 

On Dec. 34, 1875, J. C., setat64, had swallowed from 
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I to 2 drachms of belladonna liniment at 12.30. An 
hour after this he was brought to the hospital and an 
emetic administered. At 2.50 the pulse was 100, and 
the respirations 22. The legs became rigid, and delirium 
set in in five hours. During this time jaborandi had been 
given. At 2.15 one-third (J) of a grain of pilocarpine 
was administered ; at 3.15 another third of a grain ; at 3.50 
another third ; and at 5 a fourth third of a grain ; so that 
in all the man got grains of pilocarpine. This 
modified the symptoms, and the man recovered. 

In a second case a girl of four drank ^ome belladonna 
liniment (it was said , by her mother about half an ounce) 
at 12.30, September, 1875. One grain of pilocarpine was 
injected at five different times ; the first 25 minutes, the 
last hours, after the taking of the poison. A decided 
influence was produced by the pilocarpine, but the details 
are not given at length. 

Some experiments on the antagonism of strychnia and 
hydrocyanic acid were conducted last year by Dr. Lauder 
Brunton, F.R.S., and Mr. W. J. S. Ladell and Mr. W. 
Outhwaite. After relating th§ experiments performed 
them, they conclude their report ; “ Although hydrocyanic' 
acid may somewhat lessen the tetanic convulsions produced 
by strychnia, it cannot be employed as an antidote to 
that poison with any hope of success.” It seems unnecessary 
to give any account of these negative experiments. 


D 
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A series of experiments as to the antagonism of strychnia 
and nicotin have been conducted by Dr. Francis L. Ha3mes 
in Philadelphia quite recently. He found that when 
a small dose of nicotin (from lllT?rVTr was 

injected into a rat, its breathing became laboured, and 
signs of general prostration were induced. After larger 
doses (from to TTbrliy) convulsions occurred. The 

respiration after each convulsion ceased for several seconds, 
and sometimes for more than a minute. When death 
occurred it was through failure of the respiration. The 
heart invariably* continued to beat for a time after the 
respiration had ceased. The mii^mum fatal dose of 
nicotin for rats weighing loj oz. was about HlxiTr* The 
same profound disturbance ‘of the respiration was found 
tottake place in rabbits, for which animals one-eightieth 
(iV) ^ grain to the pound weight was a lethal dose. 
One curious fact has been elicited by Dr. Haynes's experi- 
ments, and that is this. An animal— rabbit, cat, or dog — 
will survive a certain dose of nicotin: and after some 
days a certain dose of strychnia ; but if the same doses 
#f the two agents be give^ together a week afterwards, 
•death occurs swiftly with powerful tetanic convulsions. 
The fact of the combination of two toxic agents in non- 
lethal doses causing death rapidly has been noted by other 
observers^ and is a troublesome fact to be overcome in esti- 
mating the practical outcomes of these varied experiments 



1 .] 


EXPERIMENTAL INQUIRY. 


35 


as to the antagonism of toxic agents. Sufficient however 
has been done to point to sorn^p very valuable conclusions 
of which some account will next be given. The provisions 
of the Vivisection Act have arrested the pursuance of these 
inquiries in Great Britain, but a grand field is opened up 
to foreign inquirers, in which they will gather up many 
important facts, and add much to the resources of practical 
medicine. 

The practical outcomes of the experiments related 
above, taken in conjunction with the results of other 
inquiries, will next be given. 


D 2 



CHAPTER II. 

PRACTICAL INQUIRY. — ^ACTION OF DRUGS CHIEFLY AS 
ASCERTAINED BY EXPERIMENT — CALABAR BEAN. 

The therapeutic usefulness of Calabar* bean is yet to 
be thoroughly investigated$*and especially its effects on 
the circulation and respiration. So Tar its action on these 
systems has only led to its use in the treatment of the 
general paralysis of the insane. In Prof. Frazer's experi- 
ments could be seen the lowering of the pulse-rate and 
respiration by Calabar bean ; and he further observed the 
depressant action upon the spinal motor centres exercised 
^*by this agent Dr. Cricl^on Browne noted these actions 
ascertained by experiment, and conceived the utility 
of the drug in controlling the violent outbreaks, of excite- 
ment to which sufferers from general paralysis are so 
subject The muscular action of these insane paralytics 
in their fits of excitement, which occur in the early stages, 
is excessive, and their violence such as to lead to serious 
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conflicts and trials of strength betwixt them and their 
attendants, often resulting in injury, sometimes serious to 
both parties. Accordingly, he ^administered Calabar bean 
to these patients during their periods of excitement, and 
found the results to be satisfactory in the highest degree. 
The drug calmed the patients generally by its effects upon 
the circulation and respiration, while its action on the 
•spinal centres and the muscular system deprived them to 
a great extent of that muscular force which is a source 
of danger to themselves as well as those restraining them. 
Not only were good effects immediately produced during 
the attacks of manip.cal excitement, but the use of the 
drug in many instances ex#cised a pronounced control 
over the progress of the malady, retarding it markedly; 
and in a few cases apparently arresting it for a wlile 
entirely. 

This is a very excellent illustration of the power ^ of 
knowledge arrived at by experimentation to aid practical 
medicine. Calabar bean has not yet been extensively 
used in asylum practice, as chloral exercises an allied, if 
not an identical, action, and iSjSi drug very easily handle(:k 
If chloral had not been discovered, probably Calabar bean 
would have, been largely resorted to in cases of acute 
mania and other forms of excitement in lunatics. 

In speaking of Prof. Frazer's researches Wood says: 
‘‘These researches ought certainly to be carried further. 
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to discover if possible why it is, or rather how it is, that 
atropia acts as the antidote of Calabar bean. It will 
probably be found that the mydriatic saves life by its 
stimulant action upon the respiratory centres.*’ 

From the actions of Calabar bean and chloral it . will 
be seen that they are both drugs unsuited to cases where 
the respiration is involved, and especially where both the 
respiration and the circulation are implicated, as tending to 
increase the probability of failure in these systems, and so 
of causing death. But in other conditions, where there is 
vascular ^excitemftnt and corresponding respiratory activity, 
the persistent use of these depressant remedies is admis- 
sible, and often may be resorted to with advantage. Thus 
Dr. Browne found Calabar Bean not only to diminish the 
vi6lence of the outbreak of general paralytics, but that 
it also exercised a good effect over the progress of many 
cajes, especially in the early stages. Now in its early 
stages general paralysis is usually accompanied by im*- 
proved nutrition, the patient is stout and plump, and 
almost invariably there is hypertrophy of the heart, with 
iR:centuation of the aortic sfcond sound. Under such cir- 
*cumstances the persistent use of Calabar bean was rather 
indicated than otherwise ; for its action on the circulation; 
aided probably by its action on the respiration, retarded 
those morbid changes which usually go on swiftly, and 
destroy the patient in a short time. This is rendered the 
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more probable, that these morbid changes are dependent 
upon an abnormally vascular condition of the encephalic 
contents ; while Calabar bean lowers the arterial circulation 
within the cranium as well as elsewhere. 


CHLORAL HYDRATE. 

The action of chloral hydrate has been largely elucidated 
by experiment. It is generally known that chloral is an 
hypnotic of great value, especially where the insomnia is 
not due to pain. But where there is insomnia associated 
with excitemenjj^ and^ especially vascular excitement, chloral 
is the hypnotic par excellences^ Chloral produces a double 
effect, viz., an action, on the brain cells, and another upon 
the circulation, betwixt which sleep, almost identical with 
natural sleep, is produced. It is thus adapted for condi- 
tions of pyretic insomnia with vascular excitement. ChWral 
lowers the heart's action, so that the circulation is rendered 
less active ; while its effects upon the cutaneous vessels 
is to dilate them, and by this double action of impaired 
chemical interchanges from towered circulatory activity,^ 
and increased mass of blood in the external, or heat- 
losing area of - the organism, the body-temperature is much 
reduced. So much is this the case that the lethal dose 
of chloral in rabbits is much affected by the surrounding 
temperature ; is less in cold weather than in warm ; and a 
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much larger dose still is required to produce toxic results if 
the animal be laid before the fire, or wrapped in cotton 
wool during its deep chloral sleep (Brunton). In addition to 
its action upon the circulation, chloral powerfully affects 
the respiration. In speaking of chloral poisoning, Wood 
says, ‘‘The immediate cause of deatl\ is generally a 
paralytic arrest of respiration: but in many cases there 
appears to’ be a simultaneous arrest of the cardiac action, 
and it is very possible that fatal syncope may at times 
occur.” This action of chloral it is well to bear in mind, 
and it sliould never be given, or if so only with the greatest 
caution, in cases where the respiratidti and circulation are 

both involved, as in chronic bronchitis with dilatation of 

•• 

the right heart, especially when there is also present 
emphysema; in cases of valvular disease of the heart, &c., 
&c. Negative lessons are often of as much value as 
pdfeitive lessons; and in the practice of medicine it is 
often as important to know what to avoid in prescribing, 
as what to adopt. Almost all potent remedies have actions 
which render caution necessary in using them, and of 
^no drug is^this more true ^han of chloral. In the sleep- 
lessness of valvular disease of the heart chloral is very 
dangerous, and is apt to produce fatal depression of the 
circulation and respiration. This is no more than what 
we might expect from its action as revealed by experimen- 
tation. In cases of lung disease, where the heart is only^ 
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affected secondarily, but when the right ventricle is being 
severely taxed, chloral is equally contra-indicated. 

When it becomes desirable, on®the other hand, to diminish 
the energy of the respiration from any cause, chloral will 
be found a useful agent. In the experiments of Prof. 
Bennett it was found that the potency of chloral to arrest 
strychnia poisoning was largely due to its effects upon 
the respiration. He says of chloral given at an interval 
after a fatal dose of strychnia : “ If the physiological 

effects of strychnia showed themselves in a marked way 
before the animal came under the influerffce of the chloral 
hydrate, death was liable to ensue from asphyxia due to 
tetanic spasm of the muscles of respiration. The sooner 
the chloral hydrate was given after the administration of 
strychnia, the more certain was the animal to survive.” 
Macnamara has found chlord exceedingly valuable in the 
treatment of tetanus, and records that of twenty cases 
in India, all traumatic, no less than seventeen were saved. 
His idea was to use it. as an hypnotic ; but the effects 
upon the respiration must have had much to do with the 
results. In laryngismus st|^dulus, in asthma, and 
hooping-cough, chloral has been used with considerable 
success. 

So far, however, chloral has been given merely in an em- 
pirical manner; but as pur knowledge of the effects of agents 
upon the respiration increases, so may we hope to wield 
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chloral and allied agents, in a rational and enlightened 
manner, with good effects in diseases of the respiratory 
organs. Already the negative lesson of under what circum- 
stances to avoid it is becoming very intelligible. A case in 
point suggests itself. A patient was taken into the West 
London Hospital with emphysema and aortic stenosis. 
In spite of rest, digitalis, and ammonia, he was liable 
to attacks of dyspnoea, which had come on since his 
admission into hospital. On searching for an explanation, 
it was found that the house surgeon had benevolently 
prescribed chlofal for the sleeplessness complained of. 
This was at once stopped, and th® attacks of dyspnoea 
never returned, though the man gradually sank. This case 
was most instructive, 

Chloral acts upon the respiratory centre in all pro- 
bability, as the frequency of the breathing is diminished 
by^it, even after section of the vagus. 

A case of chloral poisoning successfully treated will 
serve to illustrate still more distinctly the action of chloral, 
and to demonstrate the utility of strychnia as an antagonist. 
Jkr, Levinstein had a case^ of a man poisoned by six 
drachms of hydrate of chloral. Remembering the experi- 
ments of Liebreich as to the antagonism of chloral and 
strychnia, the latter drug was injected to the extent of 
producing twitching of the muscles; and artificial respira- 
tvoxi waa maintained. The heart had ceased to beat, and 
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the temperature had fallen to 92°, yet the man made a 
perfect recoveiy. More recently, two cases of strychnia 
poisoning have been recorded where chloral gave marked 
relief. (See Chapter VI.) 

Ringer gives a caution about the use of chloral in 
patients with lung and heart-mischief combined ; and says 
that an ordinary dose, besides drowsiness, may produce 
delirium and a notable lividity, lasting for days. In 
regard to the action of chloral upon the cerebral hemi- 
spheres, Dr. Crichton Browne has made an interesting 
observation. He says, ‘‘The energy ot the action of 
chloral hydrate, as measured by its minimum fafal dose, 
is in proportionate the development of the cerebral hemi- 
spheres.” This experience of its effects upon animals is 
in full accordance with his clinical experience of chlor^. 
He says, “ In microcephalic idiots, again, I have noticed 
that a proportionately larger dose of chloral hydrate is 
requisite to induce its physiological effects than in persons 
with fully-developed brains.” This observation is of 
practical value in prescribing chloral for persons of high 
cerebral developnient. It further throws a light upoji 
some cases of fatal poisoning with comparatively small* 
doses of chloral. It would appear that chloral is most 
dangerous to the most intellectual. 
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MORPHIA. 

« 

In considering the action of morphia here, the inquiry 
will only extend so far as its actions have been elucidated 
by the foregoing experiments. Wood says, Death occurs 
from opium, in the great majority of cases, by failure of 
the respiration; and that such failure is due to a direct 
action of the poison upon the respiratory centres in the 
medulla is proven by the fact that morphia affects the 
breathing of dogs and rabbits whose .pneumogaslrics have 
been cut, as much as it does those whose nerves are entire/' 
And again, “To maintain respiration is thd ultimate object 
of all the measures which lire commonly undertaken for 
tlje purpose of arousing the system in opium-poisoning," 
and advocates resort to artificial respiration in cases where 
the respiration is failing. From what we have seen of the 
action of belladonna upon the respiratory centres, the 
antagonism betwixt it and morphia, which has been noted 
by so many different observers, becomes readily intelli- 
gible. Prof. Hughes Bennett also tested the antagonism 
•betwixt morphia and tbeine and caffeine, and found that 
these agents were antagonistic to morphia^ He says, 
“The action of the one substance modififcIS*that of th^ 
other, and may even save -life from a fktal dose of either 
substance.” 
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These vegetable principles act like strychnine in ob- 
structing the respiration by inducing spasm of the respira' 
tory muscles. On the other hand* morphia kills by bringing 
these muscles to a standstill in paralysis ; and thus we can 
understand how these agents antagonise each other. Of 
course, it is not for one moment assumed that this anta- 

r 

gonism is confined solely to the action upon the respiration. 
The interest of these antagonisms lies around the use of 
morphia in the treatment of diseases of the respiratory 
organs. Thus in bronchitis, for instance, morphia is a 
very dangerous drug to use. It not only arrests sfcrction, 
and thus increg^ses the difficulty of expectoration and re- 
spiration, but its action upon the respiratory centres is such 
as to paralyse them when already embarrassed. It is useful 
in the hacking cough of phthisis, where cough is excited 
by the presence of diseased masses in the lungs ; and 
where the cough is distressing and yet useless, and inca- 
pable of getting rid of the source of irritation. Here it 
Js nepessary to stop the reflex mechanism of cough. This 
morphia does most effectually. It is noted, however, that 
morphia is an unalloyed ^ood in such cases. In ad- 
dition to its action in destro3dcig the appetite and locking 
*; up the bdWieis, it lowers the respiration while checking the' 
CQjugh. When under the influence of morphia, the patient 
sweats, pcoftisely, and to the extent of producing much 
Morphia acts upon the skin, as is well known, 
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and it aggravates the night sweats to which such patients 
are subject. I have combined belladonna with morphia, 

C 

and found that this, checks the sweats, while the morphia 
allays the cough; the action of morphia upon the cough 
not being interfered with by the co-administration of the 
belladonna;, indeed belladonna affects the terminal ends 
of the vagi in a manner which aids the action of morphia. 
The effect of the belladonna is not confined to the skin, 
but it influences the respiration favourably. Weir Mitchell, 
Keen, and Morehouse found that morphia had no influ- 
ence ovgr the c&anges in the pulse produced by atropia. 
They did not note the respiration. •They,^./urther go on 
to say ; “ As regards toxic effects on the cerebral organs, 

f* 

the two agents are mutually antidotal; but this antago- 
niSija does not prevail throughovrt the whole range of their 
influence ; so that, in some respects, they do not counter 
acts one another; whilst as regards one organ — the bladder 
—both seem to affect it in a simUar manner.’’ 

Now Lauder Brunton says of belladonna, “Atropia 
stimulates the respiratory centre, but at the same time 
it® lessens tjfe irritability of the sensory nerves of the 
iung, and will thus, while increasing respiratory efforts, 
diminish the sensibility of the lung to irritation.” Thus 
it would seem that the addition of belladonna to morphia 
in such cases, whilst it arrests the profuse perspiration, 
will" add to the effects of the morphia upon the cough. 
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The effect of morphia is to lower the respiration, while 
influencing the reflex mechanism of cough.* Belladonna 
diminishes the sensibility of the’ lungs to irritation, and 
so aids the action of the morphia. But morphia lowers 
the respiration at the same time, while belladonna stimu- 

t 

lates it. Consequently we can comprehend how bella- 
donna is useful in this combination. It not only arrests 
the perspiration, but it also maintains the respiration. When 
morphia is given alone the patient sinks into a deep sleep 
and perspires very freely. If he keeps awake, still cough- 
ing, the perspirations are not so profuse : this is a ^matter 
of clinical observation.^ It may be that in partially para- 
lysing the respiration the opium calls out the cutaneous 

respiration — ^for the association betwixt diseases of the 

% 

respiratory organs and the skin is well known (Car- 
penter, Human Physiology^ § 309), and the free action 
of the skin compensates for the imperfect action of the* 
ordinary pneumonic respiration. Now if belladonna stimu- 
lates the respiratory centres, it probably prevents this para- 
lysing action of the opium, and so partly does away with 
the necessity for profuse perspiration, as well as jexercising 
direct effects upon the sudoriparous glands. Certain it is 
that the combination of morphia and belladonna in the 
treatment of the severe harassing cough of phthisis is 
most useful.. 

This consideration t)f the effects of morphia and bella- 
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donna upon the respiration leads us up to a further advance 
in our selection of remedies in the treatment of diseases of 
the respiratory organs. It teaches what to avoid in certain 
cases ; how and why we shouM not give opiui:^ or morphia 
when the respiration is failing ; and it enables us to under- 
stand why and wherefore we should give certain medicines^ 
in other conditions, as belladonna in asthma, and why we 
should give ammonia and strychnine when the Respiration 
is severely taxed or failing. It enables us, ind^d, to se^ 
more clearly how to wield our agent in practice^ and tells 
us wh^t to avoid, as well as what to attempt, in our 
therapeutic efforts. 

The effects of morphia, chloral, and bromide of potas- 
sium in convulsive affections of the respiratoi|^prgans will 
considered in a subsequent portion of the eWy. 

We will now proceed to consider th^ actiA of agents 
which are stimulants to the nerve centres, (^ther all or 
some of them. 


BELLADONNA. 

c 

Experimentatibn has done much to bring out some 
actions of belladonna which had before been but imperfectly 
appreciated. The experiments of Prof. 3h|tzer show the 
effects of belladonna in arresting death from Calabar bean 
in lethal doses. When the physostigma was administoed 
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the number of cardiac beats and the respiration fell very 

markedly; but upon the injection of belladonna they 

rose, first above the normal rate, and then again fell to 
' * • 

it, and remained there; the animal gradually recovering. 
For instant, previous to the administration of the physo- 
stigma the heart’s contractions of a rabbit \?ere 40, and 
the respirations 20, per ten seconds. After the adminis- 
.tration of the Calabar bean the heart’s contractions gradually 
fell to 32, 22, and ultimately ii, in the same time ; reaching 
the lowest point twenty-eight minutes after the injection of 
the physostigma. Some sulphate of atropia vfSas then injected, 
and in one minute th«5 heart’s contractions had risen to 56 
l^er ten seconds ; in seven minutes to 60, about which it 
remained for an- hour and a after which it fell to its 
. usual rate. The respirations fell from 20 to 16 in thr^ 
minutes after the injection of the physostigma; in twenty- 
eight minutes there were only infrequent laboured respira- 
tions occurring at irregular intervals,” the number not being 
given. After the injection of the atropia the respirations 
rose to 15 in two minutes; in six minutes to ,20 again; and 
an an hour and a half had settled to 15 per ten secondsi> 
The observations of Prpf. Bennett in his report to the 
British Medical Association, on the antagonism of bella- 
donna and Calabar bean, and those of myself on the 
antagonism of belladonna and aconite, are not nearly so 
close and exact as those of Prof. Frazer, which are most 
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precise. My own observations go so far as to note that 
in aconite poisoning the respirations fail, and that digitalis 
did not affect the respiraWon sufficiently to prevent this, 
while belladonna did. After the administration of bella- 
donna the respirations, which had been failing under the 
aconite, recovered again until they reached a normal 
point. 

Now these experiments point to the effect of belladonna 
upon the respiratory centres. When death is approaching 
from paralysis of the respiration induced by a poisonous 
agent, belladonna restores the respiratory efforts, and so 
saves the animal from death. Side fey side with this action 
stands the well-known empirical facts of the utility of 
belladonna in different affections of the respiratory organs, 
Especially neurosal disturbances. Thus belladonna was 
lauded by Hyde Salter in the treatment of asthma, and 
ifi highly spoken of by Meigs and Pepper for the treatment 
of ‘whooping-cough in children. Wood also states that 
belladonna has been found useful in the treatment of 
neurosal cough, in hiccough and affections in which the 
•nevous mechanism of the lespiration is involved. It canhot 
‘ be a mere coincidence this empirical use of belladonna in 
' nervous affections of the respiratory organs, and its potency 
; in preserving life when threatened by failure of the respira- 
' tion in animals experimentally poisoned. There must be 
sotne distinct connection betwixt the two different sets of 
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facts ; and what it is will be set forth as explicitly as may 
be in a later section of this essay. 

Belladonna has also an actiofl, and a very marked one, 

'* • 

upon the circulation. In moderate doses it raises the 

blood-pressure in the arteries, partly by contracting the 

peripheral arterioles, and partly by its direct acfion upon the 

heart. John Harley has said that in consequence of this 

action belladonna is the best direct diuretic for increasing 

the bulk of urine, that we possess. Its utility in both 

Calabar bean and aconite poisoning shows that it prevents 

cardiac paralysis, as well as acting upon* the respiration. 

Its empirical use in Jhe form of a plaster in palpitation 

of the heart testifies to its influence over the cardiac 

nervous centres. 

The power of belladonna to arrest death from depressant 
poisons, as ascertained by experiment, together with its 
well-known deliriant action in toxic doses, has led (p 
its use in cases of melancholia and dementia where there 
is cerebral anaemia, together with a state of atony or 
inertia of the circulation. For the treatment of such cases 
it has been found useful by IJammond in America and 
Crichton Browne in this country. The delirium occa-* 
sioned by toxic doses ^iSJjiglladonna is attributed by John 
Harley fo the high blood-pressure caused by this agent 
In opium poisoning there is deep sleep or coma, with a 
low blood-pressure. In belladonna poisoning there is 


£ 2 
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no sleep, but a restless ' delirium with a high blood- 
pressure. 

There seems every reason to believe that belladonna may 
be usefully combined with opium or morphia in those cases 
where it becomes imperative to give very large doses of 
these agents, *such doses indeed as may threaten the respira- 
tion or circulation. Belladonna will maintain the actions of 
the centres under huge doses of morphia, without interfering 
materially with the effect upon the cerebro-spinal centres. 


STRYCHNIA. 

Strychnine is a therapeutic agent which ha‘? a very power- 
ful action on the organism. ••Its effects in toxic doses are 
smch as to direct the attention readily to its action u|)on 
the nervous system. Its stimulant properties are Ihus 
^nerally recognised, but we have still much to learn about 
its more special actions, which the foregoing experiments 
indicate. Its effects upon the heart as a tonic are being 
recognised, and it is found that the arterial blood-pressure 
greatly heightened by^ it. This is not due to the 
•obstruction* to the blood-flow caused by the convulsions 
excited, for it occurs as markedly in animals whose 
muscles are paralysed by curari. The small arteries 
^ve been seen to contract in strychnia poisoning, 
and in some c^es of fatal poisoning the heart 
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been found rigidly contracted* That stiychnia is a cardiac 
tonic is pretty generally recognised; but the experiments 
of Oscar Liebreich, of Prokop Rokitansky, of Professor 
Hughes Bennett, and of myself render it extremely pro- 
bable that strychnine has a powerful actipn upon the 
respiration also. Liebreich and Bennett found that it exer- 
cised an influence over chloral in toxic doses, and Professor 
Bennett found chloral even more potent in strychnia 
poisoning. The effects of chloral upon the respiration 
are well known, and if strychnia had not antagonised its 
effects upon the respiration as well as upon the 4ieart, it 
seems very igiprobaUle that it could have averted death. 

For I found that digitalis did not avert death from aconite 

•• 

w^en given simultaneously or after the aconite, while 
stiychnia did* The digitalis, though acting upon the 
heart, did not act speedily enough upon the respiratory 
centres, and so the animals died from failure of tf^e 
respiration. It appeared however that if the digitalis was 
given from five to nine hours before the aconite it exercised 
a sufficient influence to avert death. For the purposes 
for which these experiments •were apparently institute3^ 
viz., to find out the antagonism of aconite and digitalis 
in warm-blooded animals, they have failed; but they 
teach a lesson in another direction of distinct value. They 
point out that aconite and chloral kill by arresting the 
respiration as much as the circulation, and that to 
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antagonise this double action agents are required which 

stimulate the respiratory centres as well as the cardiac 

« 

« ganglia. It is dea/ that further experimentation in this 
direction is urgently required; but the obstructions now 
placed in the way of experiment in Great Britain are such 
as to render it very uhlikely that they can be carried out 
here, and the further elucidation of this interesting sub- 
ject will fall into foreign hands. It is possible however to 
advance the subject to some extent by clinical observation. 
Clinical medicine can however be utilised, and it is 
found that strychnia, added to potash and expectorants, 
in the treatment of chronic bronchitis? with omphysema and 
a dilated right heart is very ^useful. The results of exten- 
sive observations warrant the statement that the addition 
of the stiychnia to such a mixture was followed by 
increased efficiency, and in some cases by decided relief. 
If seems to ease the breathing, that is — the patients 
declared that they breathed easier and with less discomfort 
after taking their medicine. Of course it is much more 
difficult to make such observations as permit of being 

Ct 

^t^bulated in striking form hpon paper, on the respiration, 
than are practicable in noting the effect of digitalis upon 
the heart, and therefore only general statements can 
, be ' made. It certainly on the whole seemed a desirable 
addition, even when digitalis had been added to the mix- 
ture previously; and reading the results by the light of 
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the experiments given in the early section of this essay, it 
is not difficult to comprehend that good results in these 
cases should ensue from such* use of strychnia. When 
death is induced by strychnia poisoning it is brought 
about by asphyxia, the muscles connected with the thorax 
being so spasmodically contracted in the convulsions that 
the respiration is arrested. That strychnia in lesser doses 
should act as a stimulant to these respiratory muscles is 
a fair induction and a feasible hypothesis ; and it is certain 
that strychnia does not act upon the muscles directly, but 
mediately through the nervous centres. * ^ 

In pursuance of 4 he above idea the writer has given 
strychnia extensively as an agent influencing the respira- 
tion with the very decided impression that it does affect 
the respiration beneficially in many cases. The following 

case is to the point; — ^J. R , 35, complained much 

of difficulty of breathing, with some cough without ex- 
pectoration. The respirations could not be noted by the 
usual plan of laying the hand over the front of the chest, 
or of simply counting the respiratory movements. They 
were too slight to be detected ; and it was gnly by step- 
ping the man that a faint movement along the costal 
cartilages could be observed at each inspiratory act. The 
man’s face was indicative, of the distress he suffered from 
the difficulty of breathing. What was to be done for 
him it was not easy to see, for the respiratory sounds 
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were feeble all over the chest, and the percussion note 
dull, and the diagnosis arrived at was that the case was 
one of general fibrosis of the lung* It was impossible to 
add to the thoracic space, and it was equally impossible 
to diminish the excessive connective tissue in the lungs. 
All that apparently could be done was to act upon the 
respiratory centres and stimulate them, just as digitalis is 
given to stimulate a feeble heart. Ammonia is the most 
powerful means of acting upon the respiration with which 

we are yet acquainted ; so five grains of carbonate of am- 

« 

monia, with fifteen drops of tincture of nux vomica, were 
prescribed, with the agreeably surprising result that in a 

fortnight the man expressed himself as so much relieved 

•• 

in his breathing that he wished to resume work, and has 
continued to do so, though with some difficulty. At the 
.end of threq months his respirations, though laboured, 
cAild be counted in his clothes, like that of ordinary 
persons. It is not possible yet .to explain completely 
the rationale of such a change, but it seems fairly attri- 
butable to the medicine in the first place. In the present 
state of ouv knowledge, alP least, we can offer no expla- 
nation of the facts, except that these two agents, which 
exercise a powerful influence upon the respiratory centres, 
had rendered the act of breathing easier to the mam ' " \ 
But the whole question of the respiratory centre will 
taken up shortly, and then the different fifcts of pperi- 
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mentation and' observation may be massed together, so as | 
to^point definitely to some conclusions which^will not be 
without their practical value. • 

This use of strychnia in affections of the respiratory 
organs is not. novel. The subject has attracted the at- 
tention of Dr. Thorowgood in his work on *Asthma. He 
says : “ In cases of paralytic and emphysematous asthma 
the real and permanent good that can be done with the 
tincture of nux vomica, and with very, small doses of 
stiychnia, is unmistakably great. The tincture may be 
given in doses of from toee, eight, or ten drpps, and 
the liquor s^chnise^of the British Pharmacopoeia in^oses 

of two to five drops.” Dr. Thorowgood does not distinctly 

•• 

formulate any hypothesis as to the action of strychnia;, 
but in speaking of complicated asthma, he says ; “ Se3a- 
tives at night do not; interfere with other remedies during 
the day ; but it is well not to be in too .great a hiwy 
to resort to them, for it is not ungoimnon to find such 
a medicine as nux vomica overcome spasm, and give the 
patient a better night’s rest than anything else that has 
ever been tried in the way of an anti-spsism^dic or setla- 
tive/’ This last is a significant sentence. The fact that 
irritability of the n^ous centres is the precursor of ex- 
'rhaustion is one tliat is well and generally recognised. 
The centres of respiration becoming exhausted, are abnor- 
mally irritable j the stimulant and tonic effects of strychnine 
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upon them restores them to a comparatively normal state, 
and so sleep is undisturbed by irregular nervous action. 
Sedatives given under such*circumstances would but further 
enfeeble these overtaxed centres, and so do much harm. 
The difficulty, of course, is to discriminate exactly the case 
for the stimulant tonic from that where a depressant seda- 
tive is indicated. In time, as our views on the subject 
become more orderly, and we progress from the present 
chaotic condition this may, and almost certainly will, be- 
come more feasible and practicable. At any rate, these 
observations of Dr. Thorowgood stand in a very sugges- 
tive relationship to the conclusions ^ust drawn from the 

cr. 

results of experimental inquiry. 



CHAPTER Iir. 

THE RHYTHMICALLY DISCHARGING CENTRES : AND THE 
EFFECTS OF DRUGS THEREUPON. 

The influence of the nervous system upon the different 
portions of the body, as muscular movemelit, secretion, &c., 
is, according to Hermann, as yet unknown, except in so 
far as we can regard the subject from a merely mechanical 
point of view. So regarded the nervous system is a 
“liberating force,” ue, a force which leads to a conversion 
of a certain amount of potential into kinetic energy. He 
says further, “an infinitely small liberating force may 
liberate large quantities of kinetic energy, and it is exceed- 
ingly probable that even the liberating forces of the nervous 
system, if measured as forces,, would be very small in 
amount, and consequently that«the chemical chjinges neces- 
sary to their evolution, as to that of all the other forces 
of the organism, are of small magnitude.” In consequence 
of the small amount of chemical change involved in the 
decomposition of the nerve-cells by which this liberating 
force is evolved, little as yet is known about the how of 
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this action. That some chemical change is essential is 
easily comprehensible. Blood containing oxygen is abso- 
lutely necessary to this chemical change, but the matter 
is somewhat complex, as we shall shortly see. 

The nervous centres with which the present inquiry is 
engaged are those motor centres which govern the circula- 
tion and the respira^on, and which discharge, or explode 
rhythmically, and send out efferent' impulses which set up 
the requisite muscular actions. These centres exist for the 
circulation essentially in the ganglia of the heart, though 
in intimate coiAiection with other parts, especially the 
vaso-motor centre in the medulla ^oblongata. For the 
respiration, as we shall shortly see, in the medulla solely ; 
from which the efferent impulses requisite for setting the 
fftuscular mechanism of the respiration into action, are 
discharged. These two sets of centres are different from 
Other motor centres in that they act rhythmically at brief 
intervals ; the one, speaking broadly discharging some 
seventy times per minute, the other about eighteen times 
per .minute. The action of these centres rests essentially 
upon changes wrought iucthem by the blood supplying 
fhenj ; but their rate is affected by extrinsic forces which 
influence theih through the nerves in connection with them. 
But these extrinsic forces are not an essential factor ; it is 
necessary to be clear about this. The basis of action is the 
decomposition of the cells of these centres set up by the 
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blood ; for if the blood to these centres be cut off, they 
cease to act. Wundt puts the matter thus. Slight exci- 
tations generally vanish in the ^central substance of the 
cell, while stronger excitations set free its latent force. 
The excitations of the blood-current impinging on the 
periphery of the cell must accumulate until they reach 
a given strength, sufficient to liberate the force of the cell, 
which is thence transmitted to its central region, and thence 
to its motor nerwe. After this discharge of force, equili- 
brium is restored, and the process begins all over again. 
Nerve centres submitted exclusively to the^excitation of the 

j 

blood act automaticajly and rhythmically. This rhythm 
is interrupted*or rendered irregular when the influence of 
other nerve centres inhibits tlie discharge of accumulated 
force.** Such then is the action, so far as at present we cad 
tell, of the rhythmically discharging centres with which we 
are at present engaged. ^ 

The respiration will be gone into at some length later on ; 
#ie cardiac ganglia will at present engage the attention. 
The action of the heart depends upon a series of ganglionic 
cells, connected by nerve fibr^, which are lodged in tbe 
muscular structure of the heart, especially along, the segtuirf 
' betwixt the. auricles, and at .the junction of these auricles 
andtentricles. When the heart is removed from the body, 
or separated from all the nerves, supplied to it, it still beats 
for some time; in cold-blooded animals for days, in warm- 
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blooded animals so long as a supply of oxygenised blood 
is provided. The different nerve fibres, and especially those 
of the vagus, in connectioti with these cardiac ganglia but 
cause modification m the action of these automatically 
discharging centres, which are the cause of the rhythmic 
muscular corilractions of the heart. The vagi nerves have 
however a potent influence over the discharges of. 
cardiac ganglia, and retard the rhythmic discharges. This 
is called an inhibitory action, and if these vagi nerves be 
irritated the heart’s beats are slowed, and when the irrita- 
tion is strong eAough the heart is brought to a standstill 
in diastole. There are, however, acqplerating fibres in the 
vagi which spring from the medulla oblongata, and which 
transmit impulses which accelerate the heart’s action. Thus 
Ih emotion of certain kinds the heart’s action is notably 
quickened, as is the case of the “blush,” where at the 
«^me time the vaso-motor centre is implicated, and dila- 
tation of the peripheral blood-vessels is induced. 

Such are then the rhythmically discharging centres of the 
circulation. They are unique, but their action is not essen- 
tially different from the ^nglia in connection with the 
k*^nes or the bladder. It is a difference of degree 
rather than of kind. We may now proceed to consider the 
action of drugs upon these cardiac centres, when we shall 
find several agents which possess a decided influence over 
them, viz. digitalis, aconite, and belladonna. 



CHAPTER IV. 


ACTION OF DRUGS UPON THE CIRCULATION. 

DIGITALIS. 

Some experiments illustrating the action of digitalis ifpon the 

j 

heart were penformed by me in 1870, and formed the counter- 
part to the clinical observations on which were founded the 
conclusions arrived at in my essay on Digitalis. The ex=» 
periments were only of an elementary character, and per- 
formed on birds, fishes, and frogs. No calculation was^ 
made of the amount of the drug administered in each 
experiment. The part of the experiments interesting at 
present, is that where I elicited the antagonistic action of 
digitalis and aconite. Having compared the actions of 
these two drugs, and finding that digitalis Brought^i^ 
heart to a standstill in firm contraction, while aconite 
arrested it in full dilatation; the idea of testing their anta- 
gonistic action suggested itself. So aconite was given to 
frogs with their hearts contracted by digitalis; and in others 
digitalis where the heart was paralysed by aconite. The 
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aconite did not exercise a very marked effect upon the 
hearts contracted by digitalis, but the other experiment was 
very successful. When*all action had apparently ceased, 
the first effect of the administration of digitalis was to 
produce an ^imperfect contraction at long intervals; then 
the intervals T)ecame shorter, and the contractions more 
complete, some irregularity, both as to time and amount 
of contraction, bfcing observed. Slowly and gradually, how- 
ever, the distended ventriele recovered itself under the 
action of digitalis, the contractions being more rhythmical 
and perfect, anS the distension less and less pronounced, 
untira return to normaf contraction and distension was 
brought about. If the administration of digitalis were then 
continued the same appearances were brought about as when 
no aconite has been previously given.*' Attention was 
draw;i to these experiments by the fact that shortly after this 
*I)r. Dobie, of Keighley administered digitalis to a man 
dying of aifionite poisoning with, the result that the man 
recovered. To this case reference will be made in a later 
section of the essay. This line of experiment was followed 

c . 

out by Boehm, who founfi that muscaria, delphinia, and 
acoititia would- restore cardiac action in. the frog when 
arrested by digitalis poisoning. More recently further 
experiments as to the antagonism of digitalis and acomte 
l$\;iiarin^blooded animals have been made, of '^ch an 
account has b^n given above. 
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The effects of the experiments of myself and of Boehm 
•went to corroborate the views of Traube and others, that 
digitalis was not a cardiac seda&ve i^ the ordinary sense 
of that word. That is, it did not calm the heart’s action 
by depressing the activity of its nervous centres. The old 
view was that digitalis lowered or moderated the heart’s 
action, and it was called the opium of the heart.” But 
this view has given way to another, viz. that digitalis 
excites more perfect contraction of the cardiac ventricles. 
Traube had observed that the effect of digitalis was to 
increase the blood-pressure in the arterils. Thqp Malan 
and myself observed %hat it contracted the arterioles, while 
Fuller and Handfield Jones had experimentally ascertained 
that in animals poisoned by*digitalis the heart was firmly 
contracted, and so contrasted with the state produced by 
aconite and chloroform. Eulenberg and Ehrenhaus had 
noted that a frog*^ Beari;, when removed from the body andr* 
its apex dipped in a solution of digitalis, was sq brought 
to a standstill in systole. 

Consequently the position which digitalis now holds is 
that of a cardiac tonic, />. it increases the eqieigy of tie 
ventricular contractions. It tends, as Niemeyer piaidT^t, 
to fill the arteries by emptying the veins. Consequently 
digitalis is now administered in cases of cardiac failure, 
where the heart is inadequate to the duty of propelling 
the blood forward in sufficient quantity. It does not 
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matter what the state of the heart is so much, whether 
hypertrophied or dilated; the real question is this — Is 
the heart equal to ^ its work? Even with considerable 
hypertrophy the heart may still be unequal to its 
functional duty, and the hypertrophy may be insufficient. 
Under these circumstances the administration of digitalis 
is indicated, but in lesser doses than in dilatation. The 
dose must be proportioned to the natural efforts at com- 
pensation. If a fairly good compensatory hypertrophy 
is being naturally instituted, then small doses of the drug 
are alon^ required : if the ventricular chamber is promi- 
nently dilating, then large doses areP absolutely necessary. 
Under the latter circumstances doses of digitalis are well 
borne and do great good,* which would produce very 
serious symptoms if given where the heart is considerably 
hypertrophied. The theory propounded by me is this : 
digitalis excites more perfect ventricular contraction, the 
arteries are better filled with blood, and consequently the 
heart itself is better nourished ; while the brief diastolic 
sleep is lengthened. Betwixt the longer rest and the im- 
proved nutrition the heart.«is enabled to grow and to in- 
otSSSw in power. This view is borne out by the observa- 
tions of other authorities. Traube's observations as tp 
the increased blood-pressure in the arteries produced by 
digitalis have been corroborated by Lauder 4Brunton arid 
others ; and it is no longer in dispute that the arterial 
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Right-Side Dilatation, — Digitalis is of the .greatest ser- 
vice in dilatation and failing power in the chambers of 
the right heart, whether from mitr^ disease or chronic 
changes in the lungs, as cirrhosis of them, or where there 
is chronic bronchitis or emphysema, or chipnic pleuritic 
effusion, or other cause of obstruction to the blood-flow 
in the pulmonic circulation. In such cases it is well to 
bear in mind the co-existent embarrassment of the re- 
spiratory centres and to combine with digitalis ammonia, 
nux vomica, or belladonna. I 

Tricuspid Regurgitation, — ^When the tricuspid v&lve has 
become insufficient, tlien our efforts carry with them little 
success, because we have no muscular chamber behind 
the lesion to be acted upon; the muscular fibre in th^ 
venae cavae being but small and powerless. Still it may 
be tried in combination with brisk purgation to relieve 
the portal circulation. 

In temporary cardiac conditioji^ of asthenia digitalis is 
useful, as in cardiac dyspnoea, with ovet-distension of the 
right ventricle. If the over-distension is threatening pagi- 
lysis in diastole, it may be well to relieve it by t^enesection^ 
giving ammonia and digitalis at the same time, tihien 
the right ventricle has been overstrained by long-continued 
efforts^ as in long runs, diving, &c., digitalis is useful. The 
right ventricle is apt to become overstrained where the 
breath is long held, or the circulation in the lungs 
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impeded ; and the person is less equal to an effort, instead 
of more equal ; this, in sporting phrase, is termed to ** train 
off,” in contradistinction to continued improvement and 
capacity, which is termed ‘‘training on.” It is worth 
while trying Jhe effects of digitalis in horses whose wind 
has been impaired by long severe effort (over-distension 
of the right heart), or even in broken-windedness from 
emphysema. Of course in the latter case only some im- 
provement can be looked for; but in over-distension of 
the right heart ^ven more seems potentially attainable. 
Of cour^ stimulants to the respiratory centres at the same 
time are indicated. 

In Shocks digitalis with apmonia and nux vomica, is 

o 

likely to be of much service, and it has already been 
so used with good effects. 

Palpitation , — In palpitation due to exhaustion, or to 
muscular failure, digitalis u very useful. Here palpita- 
tion is the active expression of incapacity in the heart. 
It is over-taxation, not over-action, with which palpitation 


is^here associated. It may occur with a heart dilated, 
lil^p^ophied, or normal, tfut it indicates want of power. 
Here digitalis and iron, with rest, are clearly indicated. 
M|i the palpitation of gout, and in those forma wherever 


it is truly neurosal, or of reflex origin, digitalis does little 


good. 


Fatty D^eneration of the Here digitalis can only 
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the viscera, as the lungs, the brain, the liver, spleen, 
and kidneys ; there is fulness of the. venous radicles of 
the stomach, and therewith impaired digestion and a 
constant feeling of “fulness," as if the stomach were 
distended with a liberal meal, when in reali^ it is empty ; 
there is albuminuria from congestion of the renal veins, 
and not rarely serous effusions from the intestinal venules, 
forming diarrhoea. The organs connected with the valve- 
less portal circulation especially feel any venous conges- 
tion from failure in the central organ ^f the circulation. 
The tissues including the muscular structure of»the heart 
itself, are suffering Trom want of a sufficiency of arterial 
blood charged with nutritive^ material. When digitalis is 
administered, the ventricular contractions become mo{p 
complete, and the arteries are better filled, and conse- 
quently the veins more thoroughly emptied. When there 
is pronounced dilatation of the heart, and a little blooa 
is pumped out only at each systole, and the heart is soon 
full to distension, it quickly contracts with an inefficient sys- 
tole, the pulse being rapid, feeble, and compressible. Thus 
it is that digitalis so promptl)^ affects the pul«e-rate. By 
its effects upon the cardiac ganglia it causes a^lower 
but more energetic discharge of force, and with it a more 
powerfiil muscular contraction. The systole is more 
complete, the chamber is more efficiently emptied, and 
consequently is not so soon refilled, so that the 
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requirements of the ventricle in diastole correspond 
to the slower rhythmic discharges, and a slower pulse- 

c 

rate is established; ;while the pulse is firmer and less 
compressible, the arteries being better filled with blood. 
At times digijalis will notably lower the pulse-rate under 
other circumstances than those just mentioned, illustrating 
its effects upon the discharging cardiac ganglia. When 
the pulse-rate falls very markedly under its use, as when 
it falls below 50, it would be well to substitute bella- 
donna, squill, stiychina, or casca for it. 

** The series of altered actions consequent upon increased 
ventricular contraction run in the following qrder or se- 
quences : and it may be desirable for the sake of lucidity 

t 

to arrange them in a series of propositions, each depending 
on the one before, like a logical syllogism. The effects of 
increased contraction, then, are — 

' I, Increased arterial distension and tension, which give 
relief to the systemic symptoms, and further causes, 

2, Increased arterial recoil. This is the propelling power 
for the coronary arteries ; and thus increased arterial recoil 

e 

meansi 

3, ' A^creased or improved coronary dtculadon; and 
thii^ in its turn, produces, 

4, Increased nutrition of the heart, which results in 

5, Compensatoiy hypertrophy.” 

Not <H)ly is improved nutrition of the times ci the 
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heart thus secured, but the brief diastolic sleep is lengthened : 
and betwixt a longer sleep and an improved nutrition 
the heart structure is repaired ^efficiently, and recovers its 
tone more or less completely, according to the nature of 
the case.” 

Consequently, as said before, in fairly good hypertrophy, 
digitalis is either not indicated at all, or if so, only in 
small doses. As digitalis not only acts powerfully on the 
heart itself, but also produces contraction of the peripheral 
arterioles, and so raises the blood-pressure in the arteries, 
it should not be given in hypertrophy in large doses; 
especially where thcfarteries are atheromatous, as it greatly 
increases the risk of apopljexy from rupture of an ener- 
phalic artery. Such an accident has occurred from the 
use of digitalis, even when the hypertrophy was com- 
mencing to fail in incipient fatty degeneration. 

In dilatation however its use may be free, not only 
without danger, but with positive advantage. ^‘In dila- 
tation, where the system is confessedly unequal to the 
establishment of compensatory hypertrophy, the use of a 
drug whose action is to thr9w the ventricle, into a Hate 
of tonic contraction is readily understood as beings of the 
greatest service : and this also explains how its use in large 
and continued doses is not only not productive of symp- 
toms of poisoning, of ventricular spasm, which was once 
imagined to be due to an accumulation of the drug in 
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the system in some mysterious inexplicable manner,^ — but 
is even necessary to the continuance of life. Without it 
or some similarly acting Vrug, dilatation must become 
only more and more extensive, and hand-in-hand with 
that extension must be an increasing inability on the part 
of the heart to recover itself ; hence still more enfeebled 
circulation, blood stasis and its consequences, until the 
widening vicious circle ends in somatic death.” It may 
indeed be questioned if any risk can be incurred by the 
free administration of digitalis in cardiac dilatation until the 
dilatatio]\is notaUty reduced. In the case of a girl, M. C. 

ai, 19, with aortic regurgitation and^n enormous dilata- 

« 

tion of the left ventricle, whom 1 sent into St. Mary’s 

• 

Hospital under Dr. Broadbent, the use of digitalis in the 
jTospital was followed by a reduction of the dilated ven- 
tricle of a veiy pronounced character. After which severe 
palpitation came on, and ceased when the digitalis was 
withdrawn. On coming out of the hospital and again 
moving about, it became necessary to resume the digitalis, 
which she continues in small doses still, now two 
sinCeshe waj in St. Mary’s, c In the case of a huge man, 
a patiq^t at Victoria Park Hospital, with an enormously 

^ There is no accumulative action connected vrith digitalis any more 
than with belladonna, strychnine, arsenic, or mercury. If these agents 
be taken into the system in doses in excess of the eliminative jpowers, 
they ** accumulate,” and produce toxic symptoms. But they do not *Mie 
in wait” to work mischief. ' 
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dilated heart, without any valvular mischief, it has become 
needful to exhibit digitalis in unusually large doses (Tinct. 
Digitalis T((, xx. Tinct. Nucis. Vom : Tl][ xv. Ter in die) to 
enable him to work — for rest he will not. Commonly 
this reduction of a dilated heart — and with it the size of 
the mitral ostium — will enable partially injured mitral vela 
to close the ostium completely on the ventricular systole ; 
that is, these valves are rendered once more functionally 
competent. At other times the reduction of a widely 
dilated ventricle, with corresponding augmentation of its 
power, will develop a mitral systolic murmur pieviously 
inaudible. In carditc dilatation digitalis may be freely 
exhibited, and if the practitioner feel somewhat afraid of 
such use of it, he may comtine it with strychnine and 
carbonate of ammonia — an addition which ought to relieve 
his mind of every apprehension. 

In valvular disease of the heart digitalis may be resorted 
to with great advantage; but there are points in each 
form of valvular lesion to be attended to which are im- 
portant enough to make mention of them desirable. To 
take them in order is probably the best plan. 

Aortic Obstruction , — Here there is a distinct obstacle to 
be overcome, namely, a narrowing of the aortic orifice. 
This is usually achieved by the natural powers alone, and 
aortic obstruction commonly does not come under the 
. notice of the physician unless the patient has been pulled 
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down by some intercurrent condition or malady. In 
elderly persons, however, it presents itself primarily with 
certain objective and subjective phenomena. Here a new 
balance can only be effectually struck by an increase in 
the driving power, so that the normal amount of blood 
may be driven through a narrowed orifice in the normal 
time. According to the view that digitalis slows, or retards 
the systole, and so permits the blood in the ventricle to 
be completely passed through the narrowed orifice, the 
wants of the system would be no more perfectly met 
than b^ore. Fdit against this view are the facts that in 
unaided hypertrophic compensation i# aortic stenosis there 

is no such elongation of the systole; and that Balthazar 

• 

Foster has shown that digitfllis does not slow the systole, 
but lengthens the diastole. In aortic stenosis digitalis is 
indicated in small or medium doses according as the 
hypertrophied ventricle can, or can not, quite successfully 
meet the obstruction offered. If the ventricle cannot 
completely empty itself, and blood is accumulating in 
the left ventricle, i,e, a condition , of dilatation is being 
eftablishedj then digitalis i% clearly indicated. When there 
is compensation is sufficient, digitalis 

k not required. 

R0gurgitation.--‘l^m a coqiplex problem is pre- 
sented to ns, for the hypertrophy here, often enormous, is 
to antagonise the increased internally pressure upon ^ the 
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heart-walls during diastole ; not to overcome any obstruc- 
tion offered. There being a decided increase in the 
distending force, there is dilatation in spite of the massive 
hypertrophic growth. This enlargement of the left ven- 
tricle, in capaciousness as well as in power, causes at 
each systole a ^largely increased mass of blood to be 
suddenly thrown into the arteries on each ventricular 
systole, and that, too, with abnormal force. Consequently 
the arteries are over-distended and become ruined rapidly 
by atheroma. The hypertrophy which limits dilatation in 
its turn does harm, and some writers csRl this condition 
over-compensation. ”• Here, and at this stage digitalis, 

which would lengthen the diastole and increase the vigour 

• 

of the ventricular systole, is contra-indicated. A drug of 
opposite action, which would shorten the diastole and* 
diminish the vigour of the systolic contractions, would be 
desirable. But in the later stages, when the hypertrophy 
is failing and the heart-walls, undergoing decay by fatty 
degeneration, are once more yielding to the distending 
force, then digitalis is indicated to prolong life. The 
danger of sudden death by ovtr-distension of ^the failing 
Ventricle in di^tole is gre^t in the later stages o^aortic 
regurgitation, and here digitalis is useful: but each case 
requires its own management and not rules of thumb. 

Mitral Disease . — In the consideration of the use of 
digitalis in mitral disease it will serve no good practical 
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end to separate stenosis and regurgitation. In the one case 
the blood is obstructed by a narrow orifice, in the other it 
is dammed up by a backward flowing current. The results 
are the same. The auricle is dilated, the flow of blood in 
the pulmonic circulation impeded, the pulmonary artery and 
its branches* are dilated and thickened ; the obstruction in 
the pulmonic circulation leads to enlargement of the right 
ventricle, hypertrophy, with more or less dilatation. As long 
as the right ventricle can contract efficiently upon its contents 
the blood is driven forward successfully, and the increased 
obstruction met.* When this capacity of the right ventricle 
is naturally established, all is well ;«but when the ^System 
unaided is unequal to such compensation, or the compen- 
s^itory hypertrophy is failing^ then digitalis is of the greatest 
* service. There is no difference of opinion in the profession 
about the utility of digitalis in mitral disease. By its 
effects in procuring more perfect ventricular contraction 
it exercises the most beneficial action upon the failing 
right ventricle. Where there is accompanying bronchor- 
rhoea digitalis is not contra-indicated, but the reverse. 
The bronchial flow is note the measure of the blood-pres- 
sure in the pulmonary circulation, but of the stagnation 
in the bronchial veins, a part of the gener^ venous con- 
gestion ; and the administration of digitalis lessens the 
bronchial flux, while it raises the blood-pressure in the 
pulmonaiy vessels. 
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tension is increased by this drug, except in distinct 
poisoning when it falls. Thus Balthazar Foster has 
shown that the slowing of tlie pulse by digitalis is 
achieved by lengthening the diastole, not by any effect 
upon the length of time of the systole. Thus the above 
view of an improved nutrition and a longer rest is seen 
to be sound. As long 'as the blood-pressure in the 
arteries can be maintained, all is well. The aortic recoil 
fills the coronary vessels, and the heart is sufficiently sup- 
plied with blood, and so its tissue integrity is maintained. 
But when the blood-supply to the heart is unequsd to its 
proper tissue repair, tfien molecular decay is inaugurated. 
Mauriac has pointed out ho^ soon the massive hyper- 
trophy of aortic regurgitation fails early, from the blood- 
supply to the coronary vessels becoming impaired from 
the insufficiency of the aortic valves. Normally these 
valves arrest the backward flow of the blood on the aortic 
recoil, and the coronary vessels in the sinusses of Valsalva 
are well filled with blood : but as the valves become more 
and moi^^ incompetent, the flow into the coronary vessels 
is diminished, and the hearfs nutrition is •impaired 
Consequently the prognosis of a case of aortic regtftgita- 
tion is viridely different from that in aortic stenosis, or in 
mitral disease; because in these latter cases the blood- 
shpply to the heart can be pretty well maintained, while 
in aortic insufficiency it soon fails. These conclusions 


F 2 
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are confirmed by the clinical observations of Balthazar 
Foster, that the subsequent history of a case of traumatic 
rupture of the aortic valves is profoundly modified by 
the fact which valve is ruptured. If it be that cusp 
behind which there is no coronary artery, the case will 
last comparatively a long time. But if the tom cusp have 
an artery behind it, then the nutrition of the heart is soon 
afiected, and the case runs its course in much less time. 

The use of digitalis in practice is, as nearly as is yet 
arrived at, as follows. (In the Competitive Essay digitalis 
was vei^ briefly dismissed, as any lengthy consideration 
might have revealed the individuality of the writer. Now 
there exists no objection to^ such consideration. Further, 
my Essay on Digitalis * is now out of print, and is not 
likely to be republished ; and the present offers an oppor- 
tunity ,of making the views there put forward available 
for those who might desire to consult the original essay, 
and are no longer able to do so.) When the heart, from 
any cause, ceases to propel the blood forward into the 
arteries, the system suffers from the want of arterial 
blood. The arteries are^ insufficiently filled, while the 
veins ^e surcharged with blood, and a whole series of 
pathological sequences follow firom the venous fulness; 
among the rest a development of connective tissue in 

' Digiialis : its. Mode af Action and its Uscy to which was awarded 
the Hastings Gold Medal of (he British Medical Association for 187b. 
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be of use for its action (through the cardiac ganglia) upon 
the muscular fibres remaining sound. Where the heart is 
failing obviously, and losing its rliythm, digitalis will be of 
service. There are two points to be considered here though, 
and they are both related to the question of internal pres- 
sure. Firstly, if the degeneration be unequal throughout the 
heart, to increase the blood-pressure in systole is to increase 
the pressure on weakened spots, and so to cause cardiac 
aneurism, or even rupture — or at least to run the risk of 
doing so. Next, fatty degeneration of the heart is usually 
associated with advanced atheroma of the Vessels, ^nd so 
is ** a preservative lesiftn,’’ and where so associated, to in- 
crease the vigour of the heart’s contractions on the one 
hand and tighten the arteriole# on the other, would lead 
to an increase of the internal pressure within the arteries, 
an<| so to markedly increase the danger of rupturing them. 
Still here it is usually desirable to administer digitalis, in 
spite of these theoretical objections. 

f In cases of anaemia with unfilled vessels it will usually 
be found advantageous to give digitalis. By increasing the 
activity of the heart and contracting the ai;^erioles Tt 
tightens the vascular walls upon their fluid content;, and 
so raises the blood-pressure in the arteries. Consequently 
it is of great service in cerebral anaemia, along with tonics 
haematics. 

Tn considering the action of digitalis^ it must be borne 
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in mind that it not only acts upon the cardiac ganglia, 
and so excites more perfect contraction of the heart itself, 
but that it acts also on* the vaso-motor centre, and pro- 
duces contraction of the peripheral arterioles. If it did 
not possess this second action digitalis would be of little 
therapeutic * use, for as fast as the ventricle threw blood 
into the arteries it would escape by the open arterioles. 
By obstructing the out-flow, as well as increasing the 
blood-fl^w into the arteries, digitalis raises the blood- 
pressure- in the arteries. It fills the arteries, and in doing 
so empties th£ veins. It thus relieves the symptoms 
consequent upon arterial ansemia.® The flow of urine 
is ordinarily the measure of the arterial fulness. As 
Traube pointed out, the tulk of urine is the measure 
* of the blood-pressure on the renal glomeruli; and this 
usually is in direct proportion to the general blood-pres- 
sure. Consequently many persons who have not care- 
fully studied the mode of action of digitalis say : ‘‘ It 
always does good when the bulk oi urine is increased 
or: “It alway does good when its diuretic action is 
established.” Quite tru^! But this diuretic action is 
really^ the evidence of its effect upon the circulation. 
Whep, it increases the bulk of urine digitalis is producing 
its eflect upon the circulation. 

There is just one more point to be noted in the action 
of digitalis, and it is this: If digitalis contracts the 
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terminal arterioles, it must cause further obstruction to an 
already enfeebled heart, it may be argued. This is quite 
true. But when the heart is distended its sensory nerve 
throws the vaso-inhibitory nerves into action, and so 
dilates the peripheral arterioles. Digitalis restores them 
to their normal calibre, while it acts directly upon the 
heart, increasing the vigour of its contractions. Any risk 
of increasing the obstruction offered to the ventricular 
systole, so as to embarrass the heart, must be regarded 
as hypothetical rather than practical, like the dangers of 
its use in fatty degeneration. • 

From its effects upftn the heart and arterioles, digitalis 
is used to lower the body-temperature in certain pyretic 
conditions where the £u:terial tension is low. According 
to Ackermann and Heidenhain the temperature and the 
blood-piessure vary inversely; when the blood-pressure 
is raised, the temperature falls ; when the arterial tension 
falls, the temperature rises. Digitalis has been found very 
useful in pyretic states where the heart is likely to fail, 
os in typhoid pneumonia, relapsing fever, &c The 
modem use of digitalis has b#en reached as •much by 
the aid of experiment as clinical observation. Indeed 
clinical observation, as the history of the drug shows, 
absolutely needed the aid of experimentation to direct it 
aright. 

The history of* digitalis as a therapeutic agent is most 
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instructive. The views taken o its action represent the 
pathological opinions of the time. When hypertrophy 
was a wanton and uselesS, indeed dangerous overgrowth, 
digitalis was a sedative, because it quieted the tumultuous 
action of the heart. Now, when we recognise that hyper- 
trophy is a useful compensatory growth, we discover that 
digitalis is a stimulant to cardiac action, and quiets the 
heart by enabling it to contract more efficiently, and 
therefore more steadily. The whole question of acting 
upon the heart in the way of increasing its power is quite 
a recenj one. St is now acknowledged generally that we 
can stimulate the heart to contract more efficiently by 
means of digitalis, belladonna, and strychnia. It will be 
seen that not only can we do. this, but that there are ex- 

c. 

cellent grounds for holding the view that now we are in 
a position to systematically and designedly excite more 
perfect respiratory action when it is desirable to do so. 
We possess agents which will stimulate the nervous centres 
of respiration when becoming embarrassed, so that they 
will once more respond to the natural stimuli to action. 
Itfwill be jseen that the agents whieb'^ssess this power 
are also those which act upon the cir^ation, and some 
difficulty will arise from this combined action; neverthe- 
less it will be possible to demonstrate that there exist 
drugs by which the respiratory centres can be stimulated 
and excited into more perfect action when failing. These 
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agents are ammonia, , belladonna, and strychnia, which are 
not expectorants in the sense that they exercise any influ- 
ence over the bronchial secretion, but that they affect the 
nervous centres of the* respiratory organs, and excite more 
perfect respiratory action. We can maintain, the respira- 
tion when failing in acute bronchitis as certainly as we can 
excite cardiac activity in syncope, or when the heart is 
failing in acute disease. Probably any action upon one 
system involves action on the other, but that will not 
constitute an insuperable difficulty in the inquiry. 

Digitalis produces its effects upon the heart, •not by 
acting upon the muscular structures, but through the 
nervous centres which excitp muscular action. It is 
a direct stimulant to these centres, in that it increases , 
the energy of their rhythmic discharges. It causes 
these discharges to become more energetic, and under 
certain circumstances much slower. Nerve centres when 
becoming exhausted usually become irritable, that is 
they act rapidly and with little energy. Under these 
circumstances a direct stimulant to them lowers the 
number of the rhythmic dischtrges, but increases them 
in power. Digitalis and belladonna have a veiy powerful 
action upon these cardiac centres, and so has strychnia; 
while aconite depresses them, as also do the well-known 
neurotic sedatives opium, chloral, and bromide of potas- 
sium. When we wish' to stimulate the energy of these 

0 a 
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cardiac motor centres we give digitalis, belladonna, or 
strychnia. Thus in cases of failure of the heart these agents 
are indicated and do good. In the palpitation of muscular 
failure they are of service ; but in the palpitation of nervous 
excitement, jvhere the cardiac centres are acting too 
energetically, they are contra-indicated, and sedatives 
should be used. We are so accustomed to think and 
speak of the heart from its muscular side only, that we 
are apt to overlook in thought, and certainly omit in 
speech, the intimate connection existing betwixt the heart 
and itsmervous centres. Yet all these agents act upon 
the muscular walls through the nerve ganglia which preside 
over them. 


BELLADONNA. 

Belladonna acts powerfully upon the heart, and has long 
been a favourite agent in conditions of palpitation of a 
chronic character. Dr. John Harley states that it causes 
a rise of blood-pressure in the arteries, and that there- 
fore it is the drug far excellence to be used as a diuretic 
agent when the arterial pressure is low; Dr. Graves, com- 
mended its use in typhus fever in the advanced stages; 
and many writers have extolled its utility in conditions of 
circulatory debility^ From what we shall shortly see of 
its' action upon the respiratory centre it is an agent un^ 
doubtedly called for when the circulation and respiration 
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are failing. It has been resorted to very successfully in 
the treatment of collapse by Reinhard Weber, M.D. 
{Philadelphia Medical Times^ February 2nd, 1878.) 


ACONITE. 

The action of aconite upon the heart is a very powerful 
and very decided one. A moderate toxic dose produces 
at first a reduction in the number of heart pulsations, 
then an increase with evident loss of ppwer, and finally 
irregular systolic movements with very long intervening 
pauses ending in diastolic arrest (Achscharumow, Bohm, and 
Wartmann). According to these latter authorities in 
aconite poisoning the force of each individual beat is* 
lessened ; and after death the cardiac muscle fails entirely 
to respond to galvanic irritation — ^its contractility is lost 

Aconite has been used of late very largely, for the 
purpose of quieting the circulation when excited, especially 
in febrile conditions. Sidney Ringer has done much 
to bring this agent into notice for the alleviation *of 
pyretic states, especially in children. It lowers the action 
of the heart, and also of the respiration, and so'lessens 
the chemical interchanges going on; at the same time 
that it dilates the cutaneous vessels and throws the 
sudoriparous glands into action, and so increases heat 
Ioss. :^ts effects are veiy distinct, and for children it really 
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is an excellent measure. In my experiments I found the 
younger rabbits to require a larger quantity of aconite to 
the pound weight to* produce a lethal effect than in older 
rabbits. (One-three hundredth (^) of a grain of aconitine 
was a lethal.dose for a 31b. rabbit; while for a rabbit 
weighing i^lb. not a six-hundredth but a four- 

hundredth of a grain was the lethal dose.) The 

same holds good in man, and Dr, Farquharson recom- 
mends great caution in its use in the aged, and extolls 
its utility in children. Aconitine, then, can be usefully 
employed when we desire to Ipwer the heart's action when 
excited. It affects the muscular contractions through the 
nervous ganglia, whose disch^ging intensity it lessens. 

^ These three drugs just enumerated exercise an influence 
over the circulation and respiration which is very marked, 
and out of all proportion to their action upon other parts 
of the nervous system. Other agents, as strychnia, as 
an excitant, and opium, chloral, bromide of potassiuni, 
as sedatives, exercise the same action upon the cardiac 
centres that they do upon the nervous system generally, 
and may be resorted to with advantage in many abnormal 
conditions. 

So much for the action of drugs upon the circulation. 



CHAPTER V. 

THE RESPIRATION. 

It may now be well to consider the subject of the respira- 
tion, the means by which, it is conducted, the circum- 

• 

stances which influence it, and the action upon it of certain 
medicinal agents, as ascertained by recent experimenta- 
tion and observation. It is considerably more difficult to 
present a brief, lucid, and yet withal fairly accurate sketch 
of the nervous mechanism of the respiration than it is of 
that of the circulation. In each there are rhythmically 
discharging centres— motor centres which discharge or 
explode at recurrent interval^ But in addition to tfiese 
there are nerve-fibres in connection with them which may 
cause them to discharge more quickly, called accelerator 
nerves; and others which retard the discharges, cdled 
the inhibitory, or restraining nerves. The respiration is, 
too, to a much greater extent under the control of the 
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will than is the action of the heart. Voluntary effort may 
slow the respiration pronouncedly, but it cannot arrest it ; 
the necessity to breathe becomes too imperious for any 
exercise of the will. Both are largely influenced by the 
emotions. 

Such are the arrangements common to both the respira- 
tion and the circulation. The peculiarities of the respiration 
may now be reviewed. Breathing is an involuntary act, 
which persists during unconsciousness. It depends upon 
a centre in the medulla, and continues after all parts of 
the braiq above the medulla are removed. On the other 
hand, if the cord be divided just belo^ the* medulla all the 

thoracic movements necessarily cease ; but that the centre 

• 

is still in action is evidenced by the fact that the respiratory 
movements of the nostrils and glottis still continue. The 
respiratory centre, the nosud vital of Flourens, is placed in 
the medulla, below the vaso-motor centre ; and if this niJtud 
vital be excised, though all other portions of the nervous 
system be left untouched, the respiration stops. Respira- 
tion is maintained by the action of the blood upon this 
cerftre. It js in communicetion with the lungs by means 
of the vagi, and is probably more or less influenced by 
certain conditions of the lungs, for when the vagi are cut 
the respiration is modified, it becomes deeper and more 
prolonged ; it is fuller and more complete. What it loses 
in, rapidity it gains in depth. The vagi contain both 



V.] ACTION OF DRUGS UPON THE RESPIRATION. 89 


accelerating and inhibitory fibres, the accelerating fibres 
preponderating. Consequently section of the vagi slows 
the respiration ; but to compensate for this the inspiratory 
act is deeper and fuller* It is in this respiratory centre 
that the action of breathing takes its origin : not in the 
peripheral terminations of the vagi in the lungs. In 
ordinary respiration certain muscles only are set in action, 
but under other circumstances the energy of the discharge 
is felt in the accessory muscles, by which a more vigorous 
act is determined; and in dyspnoea nearly every muscle 
of the body is thrown into action. 

The next point to» be considered is the effect of the 
blood upon this respiratory centre, — this rhythmically dis- 
charging motor-centre — whoseniction is so essential to life. 
We have seen that the removal of all the brain above the* 
medulla leaves the breathing unaffected ; section of the 
cord* below leaves the centre unaffected, the respiratory 
action of the nostrils continuing as before : but if this 
nesud vital alone of all the cerebro-spinal system be excised, 
the respiration ceases entirely. The effect of the blood 
passing through this centre uQpn it is to excite the dis- 
charge which causes the respiratory movements. The 
more venous the blood, the greater the activity of this re- 
piratoiy centre. The effect of venous blood is to augment 
the natural explosive decomposition of the nerve-cells of the 
respiratory centre; it increases the respiratory impulses, and 
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quickens their rhythm. The effect of defective arterialisa- 
tion causes more rapid as well as deeper breathing ; more 
perfect and extensive respiration is set up until properly 
arterialized blood is procured. The absence of oxygen rs^thei 
than the presence of carbonic acid is the exciting cause oi 
this more energetic respiration. Thus if the blood-supply to 
the medulla be cut off by ligature of the arteries of the neck, 
dyspnoea is produced. On the other hand a rabbit in 
which artificial respiration has been vigorously carried on 
ceases to breathe for some time until the blood becomes 
venous*again. ^his condition of apnoea — true physiological 
apnoea— is induced because for a time the blood is so highly 
oxygenated that the respiratory discharge is delayed; it 
takes some time for the *blood to become sufficiently 
venous to excite respiratory action. Such is the condition 
of true apnoea. 

The opposite condition, dyspnoea, is the reverse of this. 
In dyspnoea more violent respiratory efforts are set up. 
The respiratory impulses overflow their ordinary routes 
until nearly every muscle of the body is thrown into con- 
trSction. .The more venotfs the blood the more vehement 
the disjiharges, and the more extensive the respiratory act ; 
but if the blood becomes too venous the respiratory centres 
cease to act. A little accession of oxygenised blood will, 
however, again set them in action. A certain, but small, 
amount of oxygen is necessary to the rliy thmic discharges. In 
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dyspnoea the expiration, as well as the inspiration, becomes 
more pronounced. The impulses generated by the presence 
of highly venous blood, or, more correcdy, blood abnormally 
deficient in oxygen, are more than ordinarily energetic, in 
order to induce respiratory movements powerful enough 
to oxygenise the blood. If they are sufficiently vigorous 
to attain this end the dyspnoea is relieved ; if insufficient, 
the dyspnoea passes into asphyxia. The greater the 
necessity for respiration, the more energetic the explosive 
discharges generated, until either the condition is relieved 
or the efforts fail. In ordinary respiratioif a certain group 
of muscles are set in Jction ; if the breathing is more difficult, 
a wider area of muscles is involved, viz., the accessory 
muscles of respiration ; -if tile dyspnoea be urgent, the 

• 

impulses generated by the respiratory centre are felt in 
every part of the muscular system. Thus the system is 
protected against asphyxia until the centres can no longer 
carry on the struggle, and fail. The breathing gradually 
becomes slower, the enfeebled respiratory centre takes 
some time to develop an expiratory explosion; but the 
impulse, when it is generated! is proportionati^ly strtJhg. 

This review of the mechanism of normal respiration will 
enable the reader to grasp all the more readily the action 
of certain drugs upon this mechanism ; and without such 
knowledge of the respiratory movements it is impossible 
to. intelligently comprehend the effects of certain powerful 
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toxic agents.^ The respiratory centre is not merely a 
reflex centre ; it is higher than that, it is automatic. Efferent 
impulses start de novo from the centre itself ; the respiratory 
movements are not merely reflex. An explosive discharge 
is generated within the centre itself and sets up the respi- 
ratory movements. The more venous the blood, i,e. the 
more deficient the blood is in oxygen (provided that it 
still contains some oxygen), the more frequent and more 
energetic are the movements set up. On the other hand, 
when the blood is super-oxygenated, apnoea is induced 
for a tinje, until fhe disappearance of the oxygen from th^ 
blood excites respiratory impulses.* It seems probable 
that this explosive decomposition of the nerve-cells is due 
to the formation of some siibstance which has its activity 
diminished by the presence of oxygen in large quantities. 
When oxygen is present in excess the respiratory explosion 
or discharge is arrested ; when oxygen is present in normal 
amount ordinary respiration is found ; when oxygen is 
deficient, dyspncsa is induced — the respiratory explosion 
or discharges, are more frequent and more powerful, and 
exfend ovear the whole m«scular area. When oxygen is 
entirely ^absent they cease utterly. 

Further than this in the present state of our knowledge 
we cannot go, but the above rksumk is sufficient to throw 

1 This account 6f the respiration will be found in agreement with our 
most recent works on physiology, and especially the able work by 
Michael Forster, F.R.S. 
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a flood of light upon the action of certain drugs upon the 
respiration. 

Thus Prof. Frazer found Calabar bean to have a pro- 
found effect upon this centre, and that atropine counter- 
acted its effects. Prof. Bennett and Oscar Liebreich found 
chloral and strychnia to have an antagonistic action to 
each other ; while the writer found aconite to be effectually 
antagonised by atropine and strychnia. 

We will now review the action of these different agents 
by the light of the above resumL It will be seen that 
certain agents, as strychnia, chloral, and .rflorphia, 4)ossess 
the same action over ftie respiratory centre that they exert 
over the nervous system generally; while aconite and 
atropine exert an influence chiefly upon the rhythmically 
discharging centres (those of the circulation and respiration), 
and do not apparently affect the rest of the nervous 
system, that is to anything like the same extent, at least 
comparatively. 

To take aconite first. When a rabbit is dying of aconite 
poisoning its respirations become slower and deeper, the 
movements are violent, and Ijien convulsive, ^until l!he 
animal dies from exhaustion of its respiratory centres. If 
the dose be large the heart is found still to have been 
contracting strongly, and after death it is found in systole. 
If the dose be smaller, and the act of dying is more pro- 
lo^ed, then the heart fails too, and is found in diastole. 
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It is found in aconite poisoning that the force of 

If ... 

each individual beat is lessened ; and that after death the 
heart fails to respond fo galvanic irritation. Aconite 
acts most potently upon the circulation and respiration, 
over which the rhythmically discharging centres preside. 

r 

When a rabbit is dying of aconite poisoning the respira- 
tion becomes gasping and slow ; and at every fifth respira- 
tion, or nearly so, there is a violent gasp, with a general 
struggle. Thus we see the phenomena of dyspnoea clearly 
produced, the breathing becomes more energetic, while 
slower, tjie muscAlar movement becomes general, and then 
the centre fails. If an antagonistfc agent in sufficient 
dose be given the respiration becomes quickened, and as 
it grows quicker the extent ^f the muscular area involved 
is diminished until normal respiration is attained. Aconite 
acts very decidedly upon the respiratory centres ; and this 
effect is not produced by any stimulation of the inhibitory 
nerves of the vagus, and so arresting the action of the 
discharging centre, but by the effects upon the centre 
itself (Bohm, and Wartmann, and Li^geois and Hottot) ; 
because pjjevious section ^f the vagi did not influence 
the action of aconite upon the respiration. The writer 
fully agrees with the conclusion arrived at by H. C. 
Wood, ** that aconite is a direct depressant and paralysant 
of the respiratory centres." 

. Then as to Calabar bean. Prof. Frazer found the< 
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respirations and the pulse-beats to be distinctly lowered 
by Calabar bean until they became undistinguishable. 
After the administration of atrflpia both were notably 
quickened, indeed the normal rapidity was exceded for 
a time, after which they fell to their wonted rapidity. 
Calabar bean kills by paralysing the rhythmically discharg- 
ing centres of the circulation and respiration ; and atropia 
saves life from toxic doses of this poison by its antagonis- 
ing and stimulant effects upon these exploding centres. 

Then as to chloral. This agent depresses all nervous 
action when administered systemically, afid possesses a 
potent influence upoit nerve areas when applied locally 
(Dowse). The action upon the centres of the circulation 
and respiration differs not from its general action upon 
the nervous system, unless it be in degree. “ It kills by 
paralysing the centres of the circulation and respiration, 
especially the latter. In toxic doses it brings the respira* 
tion to a standstill, the heart being found flaccid in 
diastole. In full doses chloral lessens the number of 
the respirations per minute, causing them to become slow 
and full ; in toxic doses this begomes more, marj^ed, until 
Anally the rhythm is very much affected and the respiration 
grows very irregular, and sometimes very rapid and shallow, 
or even slow and shallow, until it Anally ceases. As these 
phenomena occur equally after section of the vagi the^ 
influence of chloral must be exerted upon the respiratory 
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centre at the base of the brain. “ In fatal doses it causes 
death by arresting, through paralysis of the nerve-centres, 
fii*st respiration, and^ finally the heart in diastole” (H. C. 
Wood). Again in chloral we see the respiration fail, but 
not exactly^ the same as in aconite poisoning. The 
generally paralysing effects of chloral prevent those con- 
vulsive and extensive respiratory movements found in 
aconite poisoning. 

Then as to opium. Opium and its derivative, morphia, 
act upon all nerve centres; but they act especially on 
the respiration. ^‘^To maintain respiration is the ultimatf? 
object of all the measures which ^e commonly under- 
taken for the purpose of arousing the system in opium- 
^poisoning. ^Unconsciousness in itself is of no moment, 
but as it deepens, the sensibility of the respiratory centres 
grows less, and consequently the involuntary breathing 
is less rapidly and perfectly performed. When other 
measures fail artificial respiration should be resorted to 
and steadily maintained until all cardiac action has ceased 
or recovery taken place” (H. C. Wood). Here again we 
fin3 the circulation waiting upon the respiration, which 
is the 4^st to fail. Death occurs from ppium, in the 
great majority of cases, by failure of the respiration ; and 
that such faUu;re is due to a direct action of the poison 
upon the respiratory centres in the medulla is proven by 
the fact tliat morphia affects the breathing of dogs and' 
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rabbits whose pneumogastrics have been cut as much as 
it does those whose nerves are entire (Gscheidlen).*' 

Thus we see there are two classes of agents which 
paralyse the respiratory centres: i, those which act upon 
the nervous system generally and the rhyjhmically-dis- 
charging centres especially; and 2, those agents whicli 
act chiefly upon the latter. The first division comprises 
chloral and opium, the latter aconite and Calabar bean. 

We may next profitably examine the action of agents 
which directly stimulate the respiratory centres. They 
also influence the other rhythmically acting centres — those 
of the heart. To^take strychnia first. The action of 
strychnia upon the respiration has not yet been specially 
studied, as has its action upon the circulation, except by ^ 
Prokop Rokitanski. It has to be read mainly by the 
antagonism it exercises towards certain other toxic agents. 
Bennett and Liebreich found it to exercise an influence 
over lethal doses of chloral, but not to the extent that 
chloral influenced strychnia poisoning, though still enough 
to demonstrate the antagonism. I found it to exercise a 
very distinct and pronounced influence over Itfthal doses 
of aconite. In my opinion the rabbits which died with 
the symptoms of strychnia poisoning in my experiments 
died of expiratory spasm. It was as if the respiratory 
centre was thrown into a state of tetanic spasm, and 
inspiration was no longer possible : the same phenomenon 
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as occurs when the central end of a cut vagus nerve is 
severely irritated. That strychnia does exercise such an 
effect upon the resj)iratory centres and cause expiratory 
spasm as well as active inspiratory efforts is evidenced by 
experiments.^ Leube and Rosenthal found that artificial 
respiration prolongs and even saves life, according to 
the amount of strychnia poison injected. And Schiff 
corroborates this, for he found that animals in which 
forcible artificial respiration was maintained survived doses 
much larger than those ordinarily fatal. The artificial 
respiration was ^performed by inserting a canula into tl^ 
trachea and filling the lungs by for(?e (H. C. Wood). It 
is clear that the action of strychnia is to excite or stimu- 
late the respiratory centre*; but that in lethal doses it 
acts most pronouncedly upon the expiratory portion of 
the respiratory act. 

Lastly, atropia. The action of belladonna upon the 
jfcspiration is a very important one. Like aconite, it acts 
specially on the rhythmically discharging centres, i^^hich 
rule over the respiration and the circulation. It has, 
hdWever,^ more marked action upon other parts of 
the ce£ebro-spinal system than aconite possesses. The 
action of • atropia upon the respiratory centres is 
most . marked, and is quite equal to that exercised « by 
strychnia and ammonia. Its action is decidedly stimu- 
lating, and its potency in opium poisoning is due 
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effects upon the respiration (and the circulation) when 
failing: That it does not exercise its influence through 
the vagi is proved by the fact that Bezold and Bloe- 
baum found that acceleration of the breathing was pro- 
duced by it after the vagi were cut. H. Q. Wood says 
that it is the only known drug which exerts a decidedly 
stimulating effect upon the Respiratory centres. He is in 
"error here in making this statement that it is the only 
agent, as the foregoing experiments and observations show. 
Further, he himself states elsewhere, that ammonia is an 
^intense direct stimulant to the respiratory centres in the 
medulla oblongata.* Certain it is that belladonna is a 
most potent agent in opium poisoning, “ where its main 
influence for good is upon the respiratory centres.” Prof. 
Frazer found atropia to at once restore the failing respira- 
tion and circulation in Calabar bean poisoning, the ac- 
celeration of the rhythm of each under its influence being 
very marked. The writer also noted how the failing, gasp- 
ing respiration in poisoning by aconite became restored 
under the influence of belladonna. There can exist no 
longer any doubt that we pos^ss in atropia, isrstryclfnia, 
and in ammonia, most powerful means for act^g upon 
the respiratory centres when these are being paralysed 
by toxic agents. 

From what has now been said it is clear that we are 
a&'eady in possession of agents which exercise a direct 
, . IT 2 
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Stimulating effect upon the respiratory centres ; as well as 
agents which exercise* a ^decided paralysing effect upon 
these centres. It inay now ^be well to consider what use 
may be made of such knowledge of the action of these 
respective dsigs in the treatment of disease. We may 
classify these agents as (i) Respiratory Depressants, and 
(2) Respiratory Stimulants. 

RESPIRATORY DEPRESSANTS. 

To take the Respiratory Depressants first. It is cleat 
that theie are two lessons to be learnt from our acquaint^; 
ance with the fact that certain agents depress the activity 
of the respiratory centres. The first one is a most in- 
structive one ; withal it is *a purely negative lesson. It 
is this : Whenever the respiration is oppressed and 
severely taxed, as in cases of severe bronchitis, or exten- 
sive pneumonia, and still more in oedema of the lungs, 
sedatives are not to be exhibited. The sedatives most in 
use, and most likely to be selected to give relief, or pro- 
cure sleep when absent in the above cases, are opium or 
chloral, ^t if these agents exercise a potent influence 
over th^ cerebro-spinal centres generally, and by arresting 
their activity procure sleep — ^and this they certainly do — 
we must remember that they exert a still more pronounced 
power over the ' rhythmically discharging centres whic^ 
preside over the respiration and the circulation ; that in fa^ 
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thejr .kill by their effects upon these very centres. The 
well-known empirical rule not to employ narcotics in 
such forms of sleeplessness is founded upon a painful ex- 
perience of the dangerous and disastrous consequences of 
the exhibition of such agents in cases where the breathing is 
much oppressed and failing. How such unfortunate results 
should ensue becomes now plain and intelligible enough 
*^en experimental investigation has come to the aid of 
■empirical observation, and pointed out the special action 
■ rpf these two powerful narcotic agents upon the respiratory 
centres, and upon other centres, on whose activity im keeping 
up the action of tlie accessory muscles of respiration the 
very existence of the patient depends during dyspnoea. 
If the voluntary efforts to maintain respiration — and in 
dyspnoea the voluntary efforts of the individual are added 
to the energetic explosions of the respiratory centres — 
are arrested by sleep, then it becomes eminently doubtful 
whether the activity of the automatic centres in the me- 
dulla can carry on the respiration efficiently or not. The 
life of the individual depends upon the energy with which 
forcible respiration is maintaiiied, and if these^ffort? be 
. arrested by a narcotic, the patient then sleeps ; but it is to 
be feared that the sleep will be one which knows no awaken- 
ing. t/nder the circumstances of dyspnoea, due to de- 
monstrable organic disease, the administration of narcotics 
:*js very unsafe, and should be avoided. The danger of 
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death from arresting the voluntary efforts is much increased 
by the powerful effect of these narcotic agents upon the 
centres in the medulla diminishing their activity, and 
thereby reducing the muscular efforts set up by the 
rh)rthmic explosions of the automatically-acting centres. 

The action upon the respiratory centre is such that it 
lowers the energy of this centre, and of the efferent im- 
pulses which are sent out therefrom to the muscles 
connected with respiration. The great danger to life is 
the failure of the respiration, and this danger is much in- 
creased if drugs ^are given whose action is pronounced4j 
to paralyse those very centres whi5i are already being 
overtaxed in their efforts to maintain the existence of the 
organism. Such is the negative lesson to be learnt about 
the avoidance of opium and chloral when the respiration 
is embarrassed. 

Not only does this danger exist if opium or chloral be 
given during acute difficulty of breathing, but these agents 
exercise a sinister influence when given to procure sleep in 
cases of chronic pulmonary embarrassment. They will 
doubtless’^ssist the natural inclination to sleep, which is 
usually wstrong, if sleep did not lead to difficulty in the 
breathing. They cause sucl\ drowsiness that the patient 
fells asleep, very frequently to be roused by a terrible 
attack of dyspnoea. The effect upon the nervous system 
generally has been to procure sleep, but the effect upon 
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the rhythmically discharging centres, and especially the 
respiratory centre, is to depress them also. Consequently 
the narcosis artificially produced is linked with attacks of 
dyspnoea, from failure of the respiratory centre during this 
medicinally induced sleep. 

The other lesson to be learnt from our knowledge of the 
action of respiratory depressants is a positive one. It* 
relates to the neurosal disturbances of the respiratory 
organs. These disorders are notably asthma, whooping- 
cough, hiccough, the well-known neurosal cough of chil- 
dren and young girls, — a small cough like the cough of 
pulmonary tubercul6sis, and often mistaken for it, the 
hysterical disturbances of sighing, sobbing, and the hurried 
breathing found in conditions**of excitement and agitation, 
and finally paroxysms of sneezing. In all these neurosal 
disturbances the respiratory centre is involved, and the 
muscular movements associated with these acts must de- 
pend for their nervous origin upon efferent impulses flowing 
from the respiratory centres in the medulla. It is apparent 
enough that in the treatment of these conditions we must 
resort to agents which affect t|)Osc centres in tl^ medulla. 
But how are we to select our agents ? and by what rules 
arei we to be guided in our selection ? Hitherto empirical 
experience, founded upon Ihe remembrance of like or 
similar cases, has been the sole guide ; because no general 
principles have been, nor without experimentation could 
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have been evolved. Such guidance, aided by a groping 
about and trying first one agent reputed to be useful in 
these conditions and then another, until either some 
agent did succeed, or the malady wore itself out, and the 
last drug resorted to got the credit of the cure, or all 
measures failed, to the despair of the patient and the 
physician, has been the position of affairs hitherto. 
Now however something like principles are beginning to 
dawn upon us, and rules will probably before long be 
formulated which will guide us in our selection. Careful 
clinical j^bservatten must succeed experimental researclj, 
and the indications furnished by the litter must be worked 
out carefully and * Watchfully at the bedside and in the 
out-patient rooms. Take d* case of whooping-cough at 
present. We possess no rules to guide lis as to whether 
we shall resort to belladonna, to chloral, to bromide of 
potassium, to lobelia inflata, or the gelseminum sempervirens ; 
or whetlier the child should inhale carbonic acid gas, as 
by being held in the fumes of a limekiln ; or try inhalations 
of some secret preparation. The treatment is simply em- 
pirical, indeed experimentalc But there seems every reason 
to believe — the writer dare not yet make a more positive 
statement on a limited experience — that by a careful 
attention to the rapidity of tlie respiration, its depth, its 
character, whether actively spasmodic, or gasping and 
laboured, the agent may be selected which will, with fair 
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certainty, relieve the case in point. Where there is excite- 
ment both of the respiration and the circulation — for they 
are so closely linked together that any^ marked condition of 
the one materially influences the other — then there are 
good grounds for giving bromide of potassiun^ chloral, or 
morphia, together with those anti-spasmodics, musk, cam- 
phor, &c., of which we have as yet no certain knowledge 
from experiment, but simply the legendary lore of a far- 
reaching empiricism. Where there is evident excitement 
in the respiratory centres these depressants may be chosen 
wth much probability of success. On the other hand, where 
there are evidences of more or less enfeeblement of the 
centres, and the respiration is laboured and slow, or shallow 
and rapid, and still more if shallow and slow both, then the 
opposite class of agents must be preferred. Here further 
depression of the respiration is most undesirable, and is 
to be studiously avoided. There are good prim^ facie 
grounds for the resort to an agent which will stimulate the 
wearied centres, as in the case related before under the 
head of the Action of Strychnia (p. 55). 

Such is the improvement wfiich is being fuiflishecf to 
practical medicine by the results of speculative experimen- 
tation. There is a large mass of material already collected 
for4heuse and service of the clinical observer. There is 
already sufflcient accumulated to point the way and give 
direction to clinical observation. The path is indeed even 
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now shadowed out along which the practical physician 
must move towards a more accurate knowledge of the 
disturbances of the respiration and of the means of 
controlling them successfully. We already know how to 
discriminate^ the palpitation of muscular failure from the 
palpitation of nervous excitement ; we know that the first 
requires digitalis, the latter bromide of potassium. So in 
a little lime, with a neurosal cough we shall be able to dis- 
criminate those forms depending upon excitement in the 
centres in the medulla — requiring respiratory depressants, 
from tljose linked with enfeeblement of these centris 
— needing respiratory stimulants. 

RESPIRATORY STIMULANTS. 

From the foregoing sections of this essay it is clear that 
we possess agents which will antagonise the^effects of certain 
other agents which paralyse the centres which govern the 
respiration. They save life under circumstances where 
without them death is certain. In addition to the presump* 
tioft thu^ afforded by ex{>erimental research as to these 
said agents being stimulants to the respiratoiy centres], 
because they prevent death from being brought about by 
toxically* induced paralysis of* the respiration, there is mucli 
direct testimony furnished by other experiments, which 
tell explicitly that these agents are really stimulantSi, to tl^ 
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respiratory centres. Reference has been made to this 
direct testimony above. About the fact of strychnia, 
belladonna, and ammonia being stimulants to the automatic 
respiratory centres in the medulla oblongata, there is no 
longer any room for doubt. The hypothesis that if these 
. agents, especially strychnia and belladonna, will save life 
when threatened by failure of the respiration induced by 
toxic agents, they will also be of service when the respira- 
tion is failing in disease, is a fair and reasonable one to 
erect. Moreover it will be found that it is the fact already 
appertained clinically, that these three a^nts are# of the 
gteatest service when the respiration is embarrassed in 
disease. The use of ammonia as a stimulating expectorant 
in bronchitis when the powers *are failing is too notorious, 
too generally known, for any further reference to be made 
to it in an essay of this character. The utility of ammonia 
under these. circumstances is a well-accepted fact with the 
profession at large. The usefulness of strychnia and 
belladonna- as respiratory stimulants in the affections of 
the respiratory organs is comparatively unknown as yet 
^ to the profession, and this is Specially true of Strychnia, 
Dr. Thorowgood alone has pointed, out the efficacy and 
potency of strychnia to give relief in paralytic asthma 
'with emphysema, when the expiratory effort is deficient 
in power, Sidney Ringer states that strychnia is useful in 
^e chronic catarrh of the stomach, which often occurs in 



io8 ANTAGONISM OF THERAPEUTIC AGENTS. [CH. 


chronic diseases, as bronchitis and dilated heart ; but he 
says hothing of any direct action upon the respiration 
produced by the drug when so administered. And H. C. 
Wood but vaguely alludes to any such action in the general 
statement, that strychnia is useful in depressed states of 
spinal or other motor-centres. The writer however has 
for some time past used strychnia systematically for its 
effects upon the respiratory centres with very gratifying and 
satisfactory results. The forms of disease in which he has 
chiefly used it have been chronic bronchitis, especially 
when cpmbined^with more or less emphysema, and whye 
the persistent difficulty of breathing— imperfect dyspnoea — 
has been found very exhausting and fatiguing by the 
patient. The relief experieftced was not alike in all cases, 
it is true ; but in a large proportion it was very noticeable. 
In a certain proportion it was very decided, and the patients 
were greatly and materially relieved by its administra- 
tion. In these cases, as in the one instanced under the 
consideration of the action of strychnia, there was great 
improvement in the breathing, it was less laboured, and 
waR on« more conductedAy the automatic centres in the 
medulla ; and so the necessity for the painful laborious 
voluntary efforts was diminished, if not in some cases 
entirely done away with. This gives great relief to the? 
patients; and it yet remains to be discovered whether 
resort to somewhat larger doses than those in common use 
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will not afford relief in those cases where the ordinary 
doses have, more or less, failed to procure the desired 
results. In other cases, as for instance where a consi- 
derable portion of one or both lungs is practically, for all 
respiratory purposes, destroyed by a deposit of tubercle, 
strychnia will often enable the patient to breathe more 
easily ] and so not only afford relief from suffering, but do 
positive good by increasing the oxygenation, and by making 
the respiratory efforts more powerful and more complete. 

Where there is a dilated right heart in chronic bronchitis 

wilh emphysema, and digitalis gives but Imperfect relief, 

the addition of strychnia to the mixture will usually make 

it much more effective. The action of digitalis upon 

the heart, improving its contractions, is not in itself 

sufficient in these cases; and the action of strychnia 

upon the respiration is required as well, in order to 

efficiently meet the needs of the sufferer. In these cases 

/ 

there is often a long history of difficulty of breathing, 
especially in winter weather. The respiration is permanently 
impaired by the ravages of emphysema, and the respira- 
tory movements are limited and insufficient for^ proper 
blood aeration. The blood, more than wontedly venous, • 
excites the discharging centres in the medulla, and more for- 
lible respiratory efforts are made by more energetic efferent 
discharges. But this tends in time to embarrassment and 
enfeeblement of these centres, and voluntary efforts are 
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induced to assist these automatically furnished efferent 
impulses. The shoulders are fixed in order that the 
accessory muscles of respiration may act more energetically, 
the gait is stiff, and the movements restricted. The 
powers are taxed by the respiratory efforts, and all acces- 

m 

sories are called into play. When winter comes, and the 
calibre of the air-tubes is diminished by the swelling of 
the bronchial mucous lining, the respiration is still further 
impeded. It is under these circumstances that strychnia 
seems to exercise so beneficial an influence. The stimula- 
tion of the automatic centres thereby renders the re^rt 
to conscious effort less imperative;* and so the patient is 
relieved, not only as regards his subjective sensations, but 
the respiration becomes af once more efficient as well as 
easier. In these cases the right heart is almost always 
involved, and becomes dilated and enlarged in conse- 
quence of the impeded pulmonic circulation, and the 
increased obstruction to the blood-flow to be overcome. 
It is apt to falter too, and unless digitalis and strychnia 
be given together, the patient is apt to sink below the 
p^nt oompatible with life. Oi course it is necessary to 
. conserve the patient's powers to the utmost, to reduce the 
deiflands upon him to a minimum ; and these ends are 
best achieved by putting him to bed. By so doing the 
body heat, but imperfectly furnished by impaired respira- 
tory interchanges, is conserved; by perfect quiescence 
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all demand upon the system is reduced to the lowest point, 
and the systemic forces and the nutritive processes can 
both be centred upon the respiratory muscles and 
mechanism, whose exhaustion is threatening. Sufficient 
nutrition to supply the requisite pabulum must be secured 
by the exhibition of suitable food, — suitable alilce in quality 
and quantity, — small amounts given at not too distant inter- 
vals are desirable; for the wear and tear must be met 
by nutrient material to the nerve centres themselves, as 
well as to the muscles acting under their control. Having 
secured these different fundamental measures, t^cn the 
good effects of the special agents may be put in force 
with a reasonable expectation of success. If they be 
tried in conditions which do not admit of possible success, 
then of course they fail. But if the conditions under 
which they are tested are fairly good and favourable, then 
results will be attained which will leave no doubt upon 
the mind of the observer as to the efficacy of these 
respiratory stimulants. 

In cases of pulmonary tuberculosis, where the lungs are 
more or less crippled and thei% structure impaired by*de- 
posits of solid material in them, the breathing ^is very* 
commonly laboured and uncomfortable. Here again the 
automatic actions are insufficient, and voluntaiy effort is 
evoked to supplement them, together with the discomfort 
and sense of gathering exhaustion which dyspnoea, when 
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protracted, induces. In such cases strychnia acts not only 
as a useful general tonic, but, as in the illustration given 
above, it acts specially upon the respiration, and gives re- 
lief. An extensive Experience of both these classes of cases 
enables the writer to be pretty positive about these state- 
ments. Strychnia is, then, a tonic specially adapted to those 
cases of general debility where the respiration is embarrassed. 

Belladonna, too, possesses similar properties, and, as we 
have seen, is a direct stimulant to the respiratory centres 
in the medulla. Its efficacy in certain respiratory dis- 
orders Jias long been recognised empirically, and it has 
been largely used in certain neurosal affections of the 
respiratory organs. Its good effects have until recently 
been attributed solely to its«*action upon muscles, and the 
leading theory of its action was that it relaxed muscular 
spasm. But seeing that in many cases there is no muscular 
spasm to relax, it seems difficult to admit this as a sufficient 
explanation. Further, there is a whole mass of evidence 
from various sources that it has a powerful action upon 
the respiratory centres. Meigs and Pepper are very 
poiitive^about the usefulness of belladonna in whooping- 
, cough ; and the observations of Dr. Charles Kelly demon- 
strate that larger doses than those in ordinary use are 
desirable with children, wh*o are much more tolerant of 
belladonna than adults are. It is stated by writers that 
belladonna is especially useful in the third week of the 
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attack when the febrile stage is over, and the convulsive 
attacks are diminishing in violence. As stated above, it 
is now necessary that the surroundings of each case of 
cough be carefully noted and weighed before deciding 
whether to resort to a sedative like chloral or bromide of 
potassium, or to a respiratory stimulant like atropia. 

Hyde Salter found belladonna to be useful in cases of 
asthma where there was also oppression of breathing and 
cough ; only he found that in order to be useful in these 
conditions it must be given in considerable doses. From 
Jhe foregoing survey the utility of beMadonna. in such 
cases is readily intelligible, and its stimulant effect upon 
the respiratory centres will have excellent effects in main- 
taining the respiration undef the difficulties of spasm of 
the bronchial muscular fibres and diminution of the calibre 
of the air-tubes in consequence; just as we have seen it 
is of service in chronic bronchitis, especially when the 
calibre of the air-tubes is diminished by swelling of their 
mucous membrane. 

The relations of pulmonic respiration to cutaneous 
respiration and the occurrence of perspiration -wheif the 
respiration is impeded, suggests the hypothesis^ alluded- 
to before, that in the relief of the night sweats of phthisis 
the good effects are not solely due to the effect of bella- 
donna upon the sudoriparous glands. It is well known 
that these sweats are most profuse when the sleep is 


I 
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profound and coma-like ; and that when the patient remains 
awake the perspiration is less. When the sleep is procured 
by opium or morphia the sweating is very profuse. The 
diminution of the respiratory movements in deep sleep, 
especially when artificially induced by agents which also 
act powerfully upon the respiratory centres, may induce 
compensatory cutaneous action, and so supplement the 
pulmonic deficiency. Thus belladonna, by maintaining the 
respiration and preventing or antagonising the effects of 
the morphia upon the respiratory centres when administered 
along with it, may, to some extent, prevent the necessity 
for profuse swe^; as well as check the action of the 
sudoriparous glands. The pill of one-third ( J) of a grain of 
morphia with one-thirtieth Qri) of a grain of atropine in 
use by me at the Victoria Park Chest Hospital for the 
relief of the sleeplessness due to a racking cough in. 
the phthisical, and which relieves the cough effectually; 
while the belladonna prevents the profuse perspirations 
. which ensue when morphia in sufficient dose is given alone ; 
is an effective one in practice. But the action of the 
bell^onna upon the respiration must not ^be overlooked, 
TSr underestimated as a possibly important factor in the 
production of the results. 

It is not only in these more permanent conditions of 
disease of the respiratory organs that the agents strychnia 
and belladonna are of service. If space permitted, details 
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of cases of acute bronchitis treated successfully by strychnia, 
when death seemed imminent, could be related. 

Heat , — Before leaving this deeply interesting subject 
of the effects of agents upon the rhythmically discharging 
centres of the circulation and respiration, it will be well to 
consider the effects of temperature upon these centres. 
It is a very important subject, and one that possesses a 
high practical value. When a frog's heart is taken out of 
the body and laid upon a plate its contractions in time 
become deficient in vigour and much slower. If the plate 
b^ gently warmed the contractions become more frequent 
and more vigorous, illustrating distinctly the effects of 
temperature upon the cardiac ganglia. So much for the 
centres of the circulation : now for the effects of tempera- 
ture upon the respiratory centres. “If the blood in the 
carotid artery of an animal be warmed above the normal, 
dyspnoea is at once produced. The over-warm blood hurries 
on the activity of the nerve-cells of the respiratory centre, 
so that the normal supply of blood is insufficient for their 
needs " (M. Forster). Thus we see that if the blood be of 
a high temperature it increase! the inteijsity of* the Tlis- 
charge from the nerve-cells of the respiratory centyjs, and*^’ 
the energetic actions of dyspnoea are induced. The 
hurried and excited respiration of febrile conditions con- 
trasts with the slow and laboured respirations of conditions 
of low temperature. The effects of a low temperature upon 
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nerve centres have not yet been systematically , studied in 
warm-blooded animals ; but from observations made upon 
other parts of the nervous system of the frog than its 
cardiac ganglia, the effects of cold are to benumb nerves, 
it seems, while high temperatures excite action. Thus when 
warmth is applied to motor nerves, contractions of the 
connected muscles ensue ; and if the heat be greater, 
clonic pass into tetanic spasms. Further experiments 
are desirable to develop this important subject. 

The subject is indeed one of great practical importance, 
and is Jiot merely scientifically interesting. When tire 
respiration is laboured, or the circulation is embarrassed, 
the organism does not evolve heat as efficiently as it does 
ordinarily, and the patient is apt to become chilled. 
This lowering of the body-temperature causes lessened 
activity in the rhythmically discharging centres, and the 
tendency is for the patient to fall into a state of collapse. 
This statement does not rest merely upon clinical observa- 
tion, but is corroborated by experimental research. Walther 
found that rabbits which had been artificially cooled to 
a low teinperatijre {48® Fsdir.) and kept in a medium not 
^warmer, than themselves, had not the power of regaining 
their normal temperature. But if artificial respiration were 
resorted to, they did recover their normal temperature: 
that is, by artificial means chemical interchanges were 
kept up, and, when a certain point had been reached, 
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the automatically acting centres were enabled once more 
to cany on their functional work efficiently. The recog- 
nition of the effects of temperature upon the cardiac and 
respiratory centres is most important in practice, especially 
in cases where both the respiration and the circulation are 
enibanassed, as in cases of chronic bronchitis combined 
with emphysema. In these cases the tendency to become 
chill — not so much by any great heat-loss as by defective 
heat-production — is very marked; the patient feels cool 
to the hand, and the temperature is below the normal to 
tbe thermometer. In exhibiting drugs *which ^t upon 
these centres this must be borne in mind in calculating 
the effects produced ; and in patients suffering from such 
diseases as cripple their respiration and limit the chemical 
interchanges induced thereby, it is most necessary to see 
that their body-heat is economised and conserved to the 
veiy utmost Not only should they be warmly clad in 
flannel, or even fleecy hosiery, but they should be kept in 
a coipparatively high temperature, up to 60® Fahr. — ^if 
higher the breathing would be embarrassed ; and by means 
of hot drinks and warm food their bod^-heat ^oufd be 
maintained as far as possible. In addition to •this,®h<ft^ 
poultices should be kept over the chest, for by such means 
the cardiac ganglia may be stimulated. All are familiar 
with the good effects of hot poultices in cardiac embarrass- 
ment and with the relief furnished thereby, the heart 
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recovering itself under the influence so brought to bear 
upon it. By such means the action of agents which stimu- 
late the respiratory and cardiac centres may be rendered 
more certain and more efficient. In making systematic 
trial of these agents the body-temperature of the patients 
must be taken into consideration. It is almost impossible 
to procure the desired effects, at least with such doses as 
at present alone are thought safe to be administered, in 
those gelid ^creatures seen in our out-patients’ rooms in 
winter. They are so placed that no fair estimate can be 
made o& the effiSbts of these remedial agents upon then}. 
The temperature of all patients who suffer from extensive 
disease of their respiratory organs must be artificially 
maintained at the normal ifoint, if the circulation and 
respiration are to be cairied on efficiently ; or be roused by 
the administration of agents which stimulate the activity 
of these centres. The laboured breathing of chronic 
asthmatic patients is aggravated in cold weather; and 
they are comparatively comfortable in bed, not only as 
to their ordinary sensations, but as to their respiration ; 
and *the * painful efforts ofi dyspnoea can so be largely 
:dyced,^and relief be so afforded. 

The effects of temperature are most important, and must 
be borne in mind carefully in all attempts to stimulate the 
respiration and the circulation, by means of agents which 
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act upon the rhythmically discharging centres, which 
evolve the impulses that maintain the muscular movements 
necessary to each. 

Of course, too, again comes in the purely negative lessons 
to avoid in such states drugs like chloral and opium, how- 
ever much the appearance and the distress of the sufferer 
excite our compassion. To give them — at least in such 
doses as will give relief— is to run the risk of stopping the 
action of these centres altogether; indeed of killing the 
patient. Unfortunately but too many instances have oc- 
curred to those whose experience is extensive, to^leave any 
doubt upon their minds as to the great danger of giving 
sedatives in these conditions; and that apparent hard- 
heartedness towards suffering is often the only safe attitude 
to maintain. 

This subject of the effect of temperature upon the 
respiratory and cardiac centres has a very practical bear- 
ing upon cases where artificial respiration has to be main- 
tained. In spite of all efforts, respiration fails in many 
cases, as opium poisoning, &c. It is necessary to remem’ 
ber that the good effected bj^the artificial respiration may 
be more than counterbalanced by the* bad effects^ o& a 
falling temperature. The heat-loss may be silently counter- 
acting all the efforts ; an<f it is very necessary when artifi- 
cial resjtiration is resorted to diat the patient be kept 
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warm by suitable garments, and if necessary by a high' 
surrounding temperatuie. 

This brings the second section of this essay to a close. 
The practical use of antagonism will now engage our 
attention. 



CHAPTER VI. 

PRACTICAL USE OF THE ANTAGONISM OF DRUGS IN ACTUAL 
POISONING. 

1«HJS is a very interesting outcome of flie foregoing ex- 
periments. It will be seen that the recent application of 
the information acquired by experimentation is opening up 
a field of practical knowle^e hitherto scarcely entered 
upon. It is not only that our knowledge of the antago- 
nism of certain toxic agents is leading to a bolder use of 
the different drugs in ordinary practice — ^because we can 
readily resort to an antagonist when needful, and when the 
indications are serious, and grave consequences are im- 
pending — but that physiological antagonists can be given 
when life is gravely threatened by toxic^ or eVen ffithal 
doses of certain poisons, taken either accidentaljy o» bf 

design, A few illustrative cases of such use of the know- 

• 

ledge of the antagonism of drugs may now be furnished. 

It will be well to commence with some instances of the 
antagonism of belladonna and morphia, taken from the 
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list of twenty-one cases collected by John Harley in his 
work on Th» Old Vegetable Neurotics, A person took an 
ounce and a half of tincture of opium, and at the lapse 
of twelve hours was* deeply comatose. Betwixt the four- 
teenth and seventeenth hours half an ounce of tincture of 
belladonna was given in divided doses ; at the seventeenth 
hour effectual dilatation of the pupils was achieved, and 
the patient rapidly recovered. 

In another case nine grains of muriate of morphia in 
solution were taken in thirty-six hours. When seen 
there was profdhnd coma. The respirations were bfit 
four or five in the minute, and the breathing was stertor- 
ous. The pulse was slow and feeble. The pupils were 
contracted. During four ahd half hours after this time 
six drachms of tincture of belladonna were given in 3 
(drachm) doses at intervals. At the end of fourteen hours 
from the commencement of this treatment the coma had 
entirely gone. The pulse was 120 ; the respirations twenty 
to twenty-five per minute. The patient made a perfect 
recovery. 

A*ver/ remarkable case <s one recorded by Dr. S. Weir 
Mitchell^ given in the New York Medical JourncU^ vol. iv. 
p. ti6. The patient had taken five (5) grains of sulphate 
of morphia. The treatment consisted of six drachms of 
tincture of belladonna by the mouth and rectum, and one- 
third (^) of a grain of atropia subcutaneously at intervals. 
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It was necessary, in addition, to resort to the galvanic 
current, and freely so, from the sixth to the eleventh hour, 
when the action of the morphia was most apparent. The 
respiration was maintained at from sixteen to twenty per 
minute. The patient ultimately recovered. 

A case of belladonna poisoning treated by opium may 
be contrasted with these three cases. A quarter of a grain 
of atropia had been administered by mistake subcuta- 
neously. In four and a half hours there was delirium, 
agitation, the pulse was small and frequent, the respiration 
tarried and the skin hot, the face bein^ flushed^ At the 
fifth hour half a grain of muriate of morphia was injected 
under the skin ; the patient became calmer, dozed, then 
fell asleep, and ultimately got*quite well. 

These cases illustrate the practica,! utility of our know- 
ledge of the antagonism of belladonna and morphia, or 
opium. 

It is unnecessary to multiply these cases by quoting any 
more. The antagonism of morphia and atropine, especially 
on the respiration, is well borne out by those cases. 

Since writing the above an opportunity of treating it case 
of opium poisoning has occurred to the writer, ancj the 
treatment was conducted on the principles laid down in 
these pages; the effect on* the respiration was carefully 
noted, and the danger of loss of body*heat from the 
failing respiration borne in mind. 
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On February 14, 1878, on arriving at the West London 
Hospital at the usual hour, the writer was informed that a 
woman was in the hospital at the point of death from opium 
poisoning. As far as could be ascertained she had taken 
from twelve to seventeen grains of opium, in the fom) of 
laudanum. This was at 11 a.m. She had an emetic 
given her at ir.30, and was then sent to the hospital. 
There she had another emetic administered, and the 
vomited matters smelt of laudanum, showing that the 
first emetic had not effectually emptied the stomach. 
Then stwng coflbe was given her, and she was walked 
about The respiration was failing and was almost gone 
when the patient was seen by the writer at 2 p.m., the pulse 
being rhythmical and regular,* though small. This showed 
the imminent danger to life from failure of the respiration. 
Being familiar with the effects of the injection of atropia 
on rabbits when the respiration was failing from the effects 
of aconitine, it was determined to administer such a dose 
of atropine to this patient as should have a pronounced 
effect upon the failing respiration. Consequently Mr. 
LucaS, tlfe senior house-surgeon, was directed to throw 
ii»to« her ^subcutaneously a grain of sulphate of atropi^ 
which he did. This was done at 2.15; for ten minutes 
more the respiration went on still further failing — for 
some time is required for the absorption of the atropine — 
so the patient was put into a warm bed with a bottle of 
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hot water to her feet. By the time this was done (other 
ten minutes) the respiration was noticed to •be returning. 
There were four or five shallow respirations, with a long- 
drawn sigh each minute. The pupifs were widely dilated. 
At 4.30 the woman was breathing steadily thirteen to the 
minute, the respiratory act being long and deep. The 
l)ulse was 132, full and compressible, while the tempera- 
ture was only 97.5®, showing how it had fallen. At 8.30 
the pulse was 128, the temperature 100.4^, and the respi- 
rations twenty-four per minute. She was sleeping deeply, 
Ijjut could be roused for a moment or so. • At i Ajii. of the 
T5th she was able to be roused up to talk a little, though 
not rationally. The respirations were now twenty-five in 
the minute, the pulse i2o,**and the temperature 100.3®. 
The pupils were natural. At 10 a.m. she was conscious 
and thirsty, but did not complain of much dryness of the 
throat. At 4 p.m. the pulse was ninety-six, and the re- 
spirations twenty; the temperature loi.i, pupils slightly 
dilated, and the patient perfectly rational. This was 
twenty-nine hours after taking the laudanum and twenty- 
six and a quarter after the administration of thd atrOpine. 
On the night of the i6th she was restless and noisy,# and 
on the 17th was apparently suffering from delirium tremens^ 
and removed to the workhouse. 

It seems scarcely probable that the belladonna had any- 
thing to do with the cerebral excitement, for all its other 
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effects had passed off some thirty hours before, and it was 
fifty-three hdurs after the injection of the atropia. It 
seemed more as if the patient had relapsed into the con- 
dition she was in when she originally took the laudanum. 
As to the antagonism of these two drugs, it seemed that 
the effect of the atropia was far greater on the respiration, 
the circulation, and the temperature, than on the sensorium ; 
for the patient slept soundly, and when aroused was not 
excited, while the respiration and, the circulation rose. 

The only mishap was a blister on each leg from the 
effect of* the hcS bottle. On the day week after hvc 
suicidal attempt she appeared before the magistrate to 
answer for her offence. 

The dose of atropine here* administered was large, but 
then the emergency was great. The results justified it 
however. It is probably the first time a lethal dose of 
one poison has ever been deliberately given to a human 
being to antagonise the toxic effects of another poison* 
Dr. John Harley states in a letter to the British Medical 
Joumaly March 2nd, that a grain of sulphate of atropia 
will usually provf fatal, ev^n though another poison be 
pftvtously present \ but what data he has for such a state- 
ment he does not say ; nor am I aware of any experiments 
as to the antagonism of atropia and opium that have been 
performed on man with grain-doses of atropia, which 
alone could entitle him to make such a statement. 
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If a case of opium poisoning were to present itself to 
me again, especially at an early stage, where I could carry 
out my ideal plan of treatment, it would go as follows 
First empty the stomach thoroughly, then inject a fourth 
or a third of a grain of atropine before the respiration is 
gravely affected ; then put the patient to bed and carefully 
note the respiration, the pulse, and the temperature. If 
the respiration was still falling half an hour after the 
administration of the atropine, to inject anothei; third of a 
grain, and still to take careful notes ; and give a third third 
of«a grain, or even more, if the respiratiSn still fell. By 
such means probably it would be possible to detect any 
great susceptibility to belladonna in the case operated 
upon; for this varies greatly, as my experience at Vic- 
toria Park Hospital tells me very distinctly. With some 
patients it takes one twenty-fifth (^th) of a grain of 
atropia to produce the effects readily attained with one 
seventy-fifth (rylii) of a grain in others, viz., arrest of the 
night-sweats, with some dryness of the throat and some 
disturbance of vision. This susceptibility to .or tolerance 
of belladonna must ever remain a disturb!^ factor in*the 
treatment of every case of opium poisoning ; but ^he on? 
must be borne in mind as^well as the other, and the 
operator must see that in his fear of having a patient to 
deal with who is very susceptible to belladonna, and in 
his anxiety to avoid subsequent atropine poisoning, he 



128 ANTAGONISM OF THERAPEUTIC AGENTS. [CH. 


does not let a life slip through his hands from the patient 
being one of those who is very tolerant of belladonna, and 
requires it exhibited freely. Such risk each man must run 
for hijnself: it is unavoidable. If the patient were at the 
point of death, as in the case above, the most timid need 
not fear to give half a grain of atropine at once, and follow 
it by a second if at the end of an hour marked improve- 
ment had not set in. But such an advanced condition 
should never in the future be reached before atropine 
is used. 

By gwdng th^ atropine in the manner described abqve 
the risk of atropine intoxication will be largely avoided. 
Even if toxic symptoms are produced, they may become 
decided, especially as regards delirium, without any serious 
danger to life. Every case of opium poisoning for the 
future should be regarded as an experiment to be care- 
fully observed; and if this be done, and the treatment 
skilfully applied, much information, as well, probably, as 
success, will be furnished thereby. 

The application of the knowledge of the antagonism of 
renifedieS to the^ treatment «of strychnia poisoning furnishes 
^ome startling results. So early as 1867 Dr. Keyworth 
resorted to Calabar bean in a case of strychnia poisoning. 
A lunatic took a packet of Battle’s vermin-killer, which 
contained, from an estimate made of like packets, three 
grains of strychnine. This was at 11 p.m. At 7 a.m. next 
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morning she was seen by Dr, Ke3rworth, her muscles were 
rigid and relaxed at intervals, and she had. been in this 
condition since 2 a.m. He sent for some tincture of 
Calabar bean, and of this he administered half a drachm 
every half-hour till four doses were taken; then half a 
drachm at the lapse of an hour, and repealed the next 
hour ; and then fifteen minims every two hours. Half an 
ounce was given in all. When first seen the pulse was 
thin and weak, and the patient could scarcely speak or 
swallow. The effect of the Calabar bean in relaxing the 
spasms was seen in twenty (20) minutes gfter the adminis- 
tration of the first dose, and became more marked after 
each repetition. The case entirely recovered. This case 
was not treated by Calabar^bean on any distinct theory 
of its being an antagonist to strychnia, but on account 
of its having been successfully used by Dr. Eben Watson 
of Glasgow in cases of tetanus. The antagonism of the 
two agents was however well demonstrated by the results. 

A still more remarkable case is one recorded by Dr. 
Charteris of Glasgow. A butcher in Glasgow swallowed 
two sixpenny packets of vermin-killer with suicidal intent. 
He had taken the poison at ir.30 a.m, ofi a full stomacl^ 
which apparently retarded absorption. An emetic had 
been administered at i and at 3.30 p.m. he was 
carried into the Royal Infirmary, where the house- 
suigeon used the stomach-pump. At 4.50 Dr. Charteris 

K 
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saw him and prescribed a drachm of the syrup of chloral 
hydrate, of the strength of ten grains to the drachm. In 
twenty minutes this was repeated, and at 5.30 p.m. two 
drachms were given. After a severe spasm he was much 
better, but the breathing was still hurried. At 6 p.m 
another drachm was given, and the spasm following this 
was much less violent. At 7 p.m. another drachm 
dose ivas given, and at 9.30 p.m. a final dose. ' Thus 
altogether he got ten drachms of the syrup, or one 
hundred (100) grains of chloral. He ultimately made a 
good recovery. * ^ 

This case contrasts well with that recorded by Leven- 
stein, and alluded to before, where a man aged 35 was 
poisoned by six drachms of "hydrate of chloral. Knowing 
the observations of Oscar Liebreich as to the antagonism 
of strychnia and chloral hydrate, he determined to try 
the effects of strychnia. The account of this case, as 
given by Sidney Ringer, is as follows : “ When first seen 
he lay in a profound sleep, with congested face, heavy 
breathing, and a pulse of 100. An hour after tRe poison- 
ing ^e Cecame^ livid, the veins were distended, the respi- 
rations jvere intermittent, and his temperature was 103® 
Fahr. An hour and a half after the dose he became 

c 

pale, pulseless, with contracted pupils, and his tempera- 
ture had sunk to 91.2'’ Fahr. Nitrate of strychnia, enough 
to produce twitching, was then injected hypodermically, 
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and the heart began at once again to beat, and the ther- 
mometer marked 91.9** Fahr . ; collapse, however, returned 
in a few minutes, the circulation appearing to stop. Arti- 
ficial respiration was performed, and nitrate of strychnia 
again injected, with the same result as at first. In ten 
hours the pupils acted to light; in twelve the temperature 
was 100.4®; in twenty-two hours he could be roused, and 
after thirty-two hours he awoke ‘quite refreshed,' and 
did not complain of any gastric disturbance.”^ These two 
cases are very important as demonstrating the antagonism 
qf these two drugs in man as well as in afTimals. • 

Dr. H. C. Wood gives a brief allusion to a case of 
strychnia poisoning successfully treated by bromide of 
potassium. In occurred in She hands of Dr. Cephas L. 
Bard, who reported it in the Philadelphia Medical Times^ 
vol. i. Three grains of the alkaloid had been taken, 
and there was no vomiting; but under the exhibition of 
half an ounce of bromide of potassium, followed up by 
smaller doses for an hour or so, the patient recovered. 
The symptoms were as intense as were compatible with 
life ; but geheral relaxation wa» produced ^in thirfy mfbutes 
after the ingestion of the counter-poison. 

Another highly instructive and interesting case of the 
use of the antagonism of drugs in actual poisoning is 
related by Dr. William Dobie, of Keighley, Yorkshire. 
It goes as follows : “ A veterinary surgeon determined to 


K a 
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commit suicide, drank freely, and then took a quantity 
of aconite; liow much is not certain. Dr. Dobie saw 
him in a few minutes, and administered an emetic. At 
this tiiie there were no symptoms of aconite poisoning. 
Half an hour later he returned with his partner, and found 
that the emetic had acted, and that the bowels also had 
moved. At this time the pulse was rapid and feeble, and 
the hands and feet were getting cold. “ An attempt to give 
ammonia aqd brandy brought on alarming prostration ; the 
breathing became laboured; the pulse at the wrist irregu- 
lar, intermittent, *and finally imperceptible. There was u 
quantity of frothy mucus discharged from the mouth and 
nostrils; the skin became dusky; a cold, clammy sweat 
bedewed the face and forehead; in a word, the patient 
was dying.*’ So runs the report : and the vivid sketch 
shows how close a similarity there exists in aconite poison- 
ing betwixt the symptoms in man and those exhibited 
by animals. As the patient was unable to swallow, twenty 
drops of tincture of digitalis were injected subcutaneously, 
and galvanism applied to the cardiac region, and kept 
up for twenty upinutes. A^' minute or two after this the 
pSti^nt was able to swallow some ammonia and brandy, 
with a teaspoonful of tincturp of digitalis in it. Marked 
improvemeiit followed, and this mixture was twice re- 
peated within an hour, *<by which time the breathing had 
become easier and the circulation re-established.*’ Hie 
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patient recovered perfectly, and next morning expressed 
his surprise at being alive, as he had taken, he asserted 
an ounce of Fleming's tincture of aconite. The early 
administration of the emetic no doubt prevented •the ab> 
sorption of a large quantity of the poisoq, but enough 
had been absorbed to produce the most serious symptoms. 
The small quantity of aconite left in the bottle was tested, 
and it was found that two minims killed a young sparrow 
in 3J minutes, while the same quantity of a frgsh specimen 
was thirty seconds longer in producing a fatal result. It 
k impossible to avoid the conclusion arrived !tt by Dr. 
Dobie, that the digitalis was the great factor in the pro- 
duction of the favourable result, though no doubt the 
ammonia helped. Dr. Dobie states that the idea of using 
digitalis in this case was suggested to him by his acquaint- 
ance with my experiments, performed for my Essay on 
Digitalis. 

These cases furnish the final corroboration requisite to 
demonstrate the antagonism of drugs within the organism, 
and to show how research upon animals can be utilised 
for the needs of human beings. They ^lustrate that the 
action of drugs upon animals is sufficiently near their ^tfon 
upon man to furnish guidaripe for their use practically in 
cases of poisoning. Slight modifications in their general 
actions there may be, true; and the results of experimen- 
tation upon animals cannot be applied absolutely to man. 
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But how nearly they come the foregoing cases show. 
Enough has already been achieved to place beyond all 
doubt or cavil the fac^ that certain toxic agents antagonise 
each cfther within the system ; and that a lethal dose of 
one poison wUl be survived if a sufficient dose of another 
toxic agent be given in sufficient time. What these differ- 
ent antagonistic agents are, in the present state of our 
knowledge, and how they act, has been related in the 
past pages of this Essay. 

The last thing that remains to be done is to review the 
subject df the practical value of such acquaintance with 
the antagonism of remedial agents, and how far such 
knowledge can be made serviceable in the ordinary routine 
of practice. 




CHAPTER VII. 

VSE OP ANTAGONISM OF DRUGS IN ORDINARY PRACTICE. 

Jhe lessons taught by the foregoing oxaminatjpn of the 
antagonistic action of certain toxic agents may be summed 
up as follows. 

Circulation , — ^We possess ^in digitalis^ in belladonna, in 
casca, and stiychnia, agents which distinctly act upon the 
heart, and produce more perfect ventricular contraction 
when it becomes necessaiy or desirable to excite this, as 
in conditions of cardiac debility either temporaiy or 
permanent In toxic doses, such as are not in any 
way serviceable in practice, these drugs arrest cardiac 
action : but in medicinal dosfs they are perfectly safe and 
trustworthy. ^ 

On the other hand, in aconite, in veratria, in chloral, 
in morphia, and in Calabar bean we possess cardiac de*- 
pressants of a potent chllracter, which may be used with 
advantage where there is vascular excitement and the 
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heart’s action is powerful and it becomes desirable to 
lower or moderate it But these depressants are liable at 
times, from causes not always apparent, to produce much 
more ^pression than is sought, and so to threaten life. 
They must be used cautiously and w^atchfully. They 
are contra-indicated in all conditions of cardiac asthenia 
or embarrassment 

One class of agents excite action in the rhythmically- 
exploding cwdiac ganglia. The other class lower the 
activity of these rhythmic centres. 

Respiralion . — Iif like manner are the agents affecting 
the respiration to be arranged. We have seen that 
there are agents which stimulate and those which de- 
press the respiratory centres ^in the medulla oblongata. 
The first class comprises the true stimulant expec- 
torants, viz., ammonia, belladonna, strychnia, and some 
Other agents — as senega, ammoniacum, and squill, 
whose actions have not yet been carefully examined 
into. Squill acts powerfully upon the heart Several 
observations have been made as to this action, and it 
has b^en Yound that squille excites increased ventricular 
cocti;^ction, and that too markedly. There seems 
every reason to believe, in the absence of any direct 
informadfoir, that squill acts, too, on the respiratory 
centres, and^ is, like belladonna, a direct stimulant of 
these centres. 
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These stimulant expectorants can be used with advan- 
tage when the respiration is embarrassed. • They enable 
the patient to breathe more perfectly, and so give relief in 
conditions of oppressed respiration^. ^ 

Consequently we see that expectorants must be divided 
into two classes : (i) the true stimulant expectorants, and 
(2) those which act upon the bronchial lining membrane 
and increase the secretion of phlegm. 

The first enable the patient to breathe, and^so to cough 
more efficiently ; the second make the mucus less tenacious* 
8 b that it is more easily coughed up. AIhraonia represents 
the first class, and iodide of potassium the second. Thus 
in a case of severe bronchitis, where the respiration is 
embarrassed and the secretion not very loose, these drugs 
would be combined and given in a vehicle like senega. 
In a case of chronic bronchitis strychnia or belladonna 
would be added to an alkali and to an agent like ammonia- 
cum. So too str}'chnia or belladonna may be administered 
in acute affections where the respiration is failing. Thus 
in a case of acute bronchitis where the phlegm is loose, 
the patient bathed in perspiration, and tjje powers failing, 
ammonia and strychnia should be given together 41P a 
vehicle like squill, senega, or ammoniacum. In chronic 
conditions the same form of combination may be resorted 
to with advantage; 

A few cases illustrating the utility of strychnia and 
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belladonna as stimulants to the respiratory centre may now 
be advantageoHisly recorded. The first is an acute case, 
where the effects were most satisfactory. It is furnished 
me by^niy friend l 5 r. D. Thomas, of Ystalyfera, and 
occurred in October, 1873. “ W. R. aet. 48, working in a 
tin-plate factory, of fair healthy constitution, though not 
very robust, was seized with well-marked rigors, headache, 
and vomiting. Very early the respiration became hurried 
and very disturbed, with a temperature at times 103®. The 
symptoms throughout were of an aggravated character, 
and towaizls the dghth day much exhaustion and weakness 
were present. The treatment at first was of the ordinary 
kind. But as soon as the adynamic symptoms came on 
we gave all the stimulants a:^d the most supporting diet 
we could think of. Notwithstanding all this, towards the 
eighth day he seemed to be getting more and more 
oppressed in his breathing, with, as I have in my notes, 
* the weak, irregular pulse of a dying man.’ In this stage 
1 gave him tincture of digitalis, tincture of nux vomica^ 
and carbonate of ammonia. Next day my report was^ 
•W. R. Vonderfully better. I would not believe any 
drag, could have such an effect upon the pulse as digitalis 
must have had upon his.' He made a capital recovery, 
and has enjoyed admirable health ever since.” ^ere, 
doubtless, the effects of the ammonia and strychnia upon 
the respiratory centre, as well as those tff the di^talis upcm 
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the cardiac ganglia, must be taken into the calculation 
as to the satisfactory results obtained. • 

My colleague, Dr. Tliorowgood, has told me of a case 
of desperate bronchitis, where the addition of strychnine 
to the mixture made all the difference apparently betwixt 
life and death ; but, unfortunately, he has Icept no notes 
of the case. 

No opportunity of treating acute bronchial affections 
has offered itself to me since the formulation of the above 
views about belladonna and strychnia; but an extensive 
experience of them in chronic conditions has squished me 
as to their usefulness in practice. Of course, all cases are 
not markedly benefited by the use of these agents ; but the 
great majority decidedly are benefited thereby. The follow- 
ing are a few of the most complex cases which have been 
successfully treated. In each, in addition to the disease, 
there was also a habit of taking narcotics. A gentleman 
came under my care last October in the following condition. 
He had oedema in both legs, his heart was that of a gouty 
man, and the hypertrophy was failing, and there was some 
irregularity in his pulse. He«was a gouty man,*an(^ some 
joints were crippled by gout. His chief con^laiitf jyas 

difficulty of breathing, aggravated by flatulence. The 

• 

breathing was persistently difficult and in the night he was 
subject to distressing attacks of dyspnoea (uraemic dyspnoea), 
which tried him sorely. He also had much itching of 
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the skin. He had acquired a few years ago thfe’ habit 
of taking some Battley’s sedative for a very painful affection, 

and continued it, apparently not being able to abandon 

• * 

it witl^ut suffering. He always had some at bed-time, 

as without it he could not sleep. Seeing that it was clearly 

* 

undesirable to stop the opiate, I put him upon strychnia. 
In a fortnight the attacks of dyspnoea had entirely dis^ 
appeared, the pulse was improved, and the oedema was 
reduced. The flatulence was much better, but still trouble- 
some. The improvement steadily continued, until a thick 
fog in January s^t up inflammation of the bases of both 
lungs. The breathing was much embarrassed, as might be 
expected, but through it all there was never an approach 
to an attack of dyspnoea, liis family and nurse often 
remarked this, saying that if one of his old attacks had 
come on in the midst of the embarrassed breathing, he 
must have died then and there. So much tone, however, 
had a three months’ course of strychnia given to the 
respiratory centre, that it never failed under the trial to 
which it was subjected. The oedema of the legs became 
great %s file breathing inipvived : and Sir William Jenner 
reooQimended the addition of some digitalis to the strychnia 
pill. The oedema fell steadily; and the general condition 

c 

improved under the combination ; and the case is progressing 
as steadily and satisfactorily as such a case possibly can; 
the patient often stating that he feels much better than 
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he ever exacted again to feel. Here the strychnia not 
only improved the respiration, but warded off the attacks 
of dyspnoea produced by the effect of the opiate upon 
the respiratory centre. ^ ^ 

In another case, a patient at Victoria Park Hospital, 
where there is chronic bronchitis with emphysema, equally 
satisfactory results have been attained. The patient, a 
very intelligent man, had long taken narcotics to induce 
sleep, under a physician as a private patient. He could 
not sleep without a narcotic, and then woke up constantly 
^th an attack of dyspnoea during the night. I explained 
to him that, in my opinion, the attack of dyspnoea was due 
to the effect of the narcotic, and prescribed for him 
ammonia, nux vomica, and digitalis. After the first night 
he had no more dyspnoea, and could lie down and sleep 
like other people, without feeling the need of a narcotic. 
His gratitude has only been equalled by his surprise. The 
proof that this was no mere coincidence is furnished by the 
fact that, feeling well, he neglected to get a new letter, and 
was without his medicine for some days. On the third 
night he had an attack of hii old dys^oea, which* made 
him return to his medicine without further delay. , • • 

A third case is furnished by a gentleman of literary 
habits, well read in medical literature. He was the subject 
of lithiasis, had corded arteries, an hypertrophied heart, 
with irregular action, chronic bronchitis blended with 
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emphysema, and great vesical irritability. In addition to 
this there was a regurgitant mitral murmur, and* he habit- 
ually took chloral at bed-time, and almost every night had 
an attack of dyspnoea. This was a very difficult case to 
treat, through the complexities, and what “ line of cleavage 

t 

was to be adopted was not an easy thing to see. His nose, 
cheeks, and hands were of a blue hue, from the paralysis 
of his peripheral arterioles by the chloral. I commenced 
by giving him some ammonia, nux vomica, and digitalis. 
He improved very considerably, and all but lost his attacks 
of noctuiTial dys^oea. But the strychina so excited hgs 
irritable bladder centres, that it had to be stopped, and 
belladonna, which exercises the same influence over the 
respiratory centres, but whiclf lessens the activity of the 
bladder centres, was given in its stead. This change met 
the emergencies of the case admirably, and the improve- 
ment was steady and gratifying. The chloral at night was 
not stopped, but the dose was lessened and some opium 
substituted. The blue hue of the face and hands has 
almost entirely disappeared; and what is more, the 
mitral* murmur h^ vanished; and the heart beats steadily. 
Altogether he is very much satisfied with his progress. 

These cases illustrate the ^potency of strychina and 
belladonna, not only in diseased conditions, but also where 
a toxic agent is in action. The substitution of one series 
"of agents for another series with advantage,^ is well 
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demonstrated in the second case quoted. In the iirst 
case, the 'power of strychnia to counteract, the effects of 
opium on the respiratory centre is well shown. In the 
third case, the toxic effects of chloral were antagonised 
by the agents given. In this case, too, the effect of 
stiychina upon the bladder centres is well seen. This 
constitutes an objection to the use of strychina in some 
elderly persons ; but in these cases belladonna meets the 
difficulty very satisfactorily ; and where great vesical irrita- 
bility is complained of in cases of chronic bronchitis 
ynked with emphysema, and found ak)ng with lithiasis, 
it is well to add belladonna to the mixture given, as 
it usually gives great relief, and thus the patients rest 
better at night, being less dilturbed. 

A number of uncomplicated cases might be quoted if 
it were desirable to do so. These three cases are illustrative, 
because in them there was not only a morbid condition, 
but also the effects of depressants of the respiratory centre 
to be combatted. As well as these two classes of agents, 
there are the depressants, which again may be simple 
neurosal depressants, like acogite, Calabar bean, -or Chloral ; 
or really nauseant expectorants, like tartar emetic, lobelia, 
and ipecacuanha, which depress the circulatioil (and pro- 
bably the respiration as well), and at the same time cause 
the bronchial secretion to become freer. They are useful 
in the early stages of bronchitis for instance, where the 
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lining membrane of the air-tubes is swollen and' the 
secretion almost wanting. This stage over, and free 
secretion established, then the stimulant expectorants come 
in and^maintain the flagging respiration, and often enable 
a case where the result is very doubtful to turn the comer 
successfully. * Probably, in these cases, full’ doses 
strychnia or belladonna are indicated in addition to the 
ordinaiy drugs employed. 

In the neurosal affections of the respiratory organs, 
the various factors of each case must be weighed and 
calculatec^ for before the choice is determined, whether 
a respiratory stimulant 6r depressant shall be selected. 
Where the respiration is embarrassed, a respiratory stimu- 
lant is indicated; where itt is excited, a respiratory 
depressant will rather be calculated to be of service. 

There are other uses to which these stimulants of th^ 
respiration and circulation may be put. And it will be 
seen that already these views have passed the merely 
speculative stage. In death by chloroform either the 
respiration or the circulation fails. Is it possible to 
obviate this danger by the' use of some agent which 
stiipi^ates the centres connected with these systems, given 
synchronously? It is clear 'that it would often relieve 
anxiety, to say the least of it, and be of actual service 
where failure of these systems may be apprehended, if 
such agents could be a^dministered* Where siich failure 
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seems threatened the administration of strychnia or bella- 
donna before the chloroform might prevent a fatal result, 
and in other cases ward off serious symptoms. This is 
a line of inquiry well worth pursuit, and if worl^ed out 

will probably give some valuable information. For even 
• • 
now we possess some positive knowledge about this mat- 
ter. In the London Medical Record for July, 1877, a 
brief account of some remarkable words which fell from a 
Dr. Gaillard, before the Kentucky Medical Association. 
“By the occasional use of ammonia on the towel the 
l^art can be sustained in effective Action diiring the 
longest operation.” The report is by J. T. Clover, whose 
reputation in the matter of anaesthetics is a guarantee 
that this idea is a good oife, else he would not have re- 
corded it in the pages of that journal. Ammonia sustains 
the action of the respiratory centres as well as the heart. 
Dr. Gaillard’ s idea may be found ere long to have blos- 
somed and borne fruit of a most valuable character. The 
possibility of getting rid of a dangerous and unsought 

action of one drug by the co-administration of another 

• 

must now be entertained; and all tljat is appAently 
wanted is further observation in this direction. ^ ♦ 

Such tactics need not be confined to the risks of chloro. 

• 

form only ; they may be extended to other agents. Thus 
there is the pill alluded to before, where morphia and 
atropine are combined, so as to arrest the perspirationa 

L 
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which would result from the exhibition of itnorpia alone, 
in doses large* enough to be effective in the sleeplessness 
of phthisis, where there is a racking cough. Indeed the 
way sewns clear in the future to the administration of much 
larger doses of opium and morphia than are at present 
thought safe, if the depressant effects upon the respiration 
and circulation be warded off by the co-administration of 
atropine, which acts very specially upon these two centres. 
The morphia^ would thus act upon the other cerebro-spinal 
centres, and yet its effects upon these automatically-acting 
rhythmic centres ^ould be largely antagonised. Thus }gi 
conditions of severe osteoid pain, or in carcinoma, in 
renal colic, &c., doses of opium might so be administered 
with safety — which otherwise^ would be unsafe from the 
unsought action they would exert upon the respiration 
and circulation. 

This again is not a mere speculative hypothesis. A 
case is given in the Practitioner for one of the later 
months of 1875, where Dr. Broadbent was called in 
in consultation by me to a case of carbuncle of the lip, 
and •rhere there were delHum and insomnia, combined 
wkb gre^t asthenia and feebleness of the circulation. It 
was dangerous to push opium freely alone; so it was 
decided to administer some digitalis at the same time 
to sustain the action of the heart. By this means 100 
minims of tinctura opii were administered safely; the 
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patient slept soundly, without the circulation failing, and 
ultimately made an excellent recovery. , 

A great future lies before therapeutics, apparently at 
least; and this power to antagorilse an undesirable and 

9 

unsought action of a potent remedy will add materially ' 
to its utility, and the safety with which it (nay be wielded 
in practice. 

This practical use of the knowledge of the antagonism 
of agents, so that they may be co-administered with ad- 
vantage in certain cases, is spreading rapidfy. Already in 
jOur text-books are to be found directions in the treat- 
ment of atonic gout to prevent the depressant action of 
potash upon the heart by the co-administration of strychnia 
or digitalis. Some persoifs are readily depressed by ordi- 
nary doses of potash, £nd here these agents may be added 
to the potash mixture with advantage. In cases too of 
gout with a dilated heart potash may be given freely, even 
with the depressant colchicum, if digitalis be added ; digi- 
talis in no way interfering with the other actions of these 
agents which make them of service in gout In like 
manner in atonic gout, if tj^e alkaline treatment^is found 
to attenuate the blood too much, chalytieates may be ^ded 
to the potash mixture, and the normal condition of the 
blood be maintained. 

In another direction the practical utility of antagonism 
is famously illustrated, and that is in the power possessed 
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by hydrobromic acid to control cinchonism, and to enable 
quinine to be taken without discomfort by many who with- 
out this adjunct cannot tolerate this anti-periodic. 

Finally, the destructive hjemolytic action of mercury 
in cases of constitutional syphilis, where it must-be given 

c 

for long in large doses, and the cachectic condition of the 
patient apparently forbids its use, the co-administration of 
iron will be found to counteract the haemolytic action, 
and permit the drug to be pushed with advantage for 

ft 

practically unlimited periods. 

Such ar^ the pftictical fruits already at hand of the« 
growing knowledge of the antagonism of drugs. Re- 
search into such antagonism is not merely of interest to 
scientific men; it promises t^ exercise a most potent 
influence over, and to be of the utmost service in, ordinary 
every-day practice. 


FINIS. 
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